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A.PH.A. CONVENTION INFORMATION 


Very shortly the members of the AMERICAN 
PHARMACEUTICAL AssocIATION will receive by 
mail the preliminary announcement of the pro- 
gram for the Boston Convention. This an- 
nouncement will include an application for hotel 
accommodations similar to that which is printed 
on the third cover page of Tuts Issue of the 
Scientific Edition of the JOURNAL. 

It is expected that sufficient accommodations 
will be available at the Statler Hotel in Boston, 
which is the Headquarters Hotel for the Conven- 
tion, for all who wish to be assigned there. All 
hotel accommodations must be arranged for 
through the Housing Bureau which has been set 
up for that purpose, and it will be most helpful if 
members of the AssocraTION will use the official 
blank in making their requests for reservations. 

The program will follow the customary ar- 
rangement, with three General Sessions, to be 
held on Tuesday evening, Thursday morning, 
and Friday evening, respectively, of the conven- 
tion week. 

At the First General Session to be held on 
Tuesday evening August 24, President F. Royce 
Franzoni will give his presidential address, which 
will be followed by a reception and dance in 
honor of President and Mrs. Franzoni. 

The Second General Session will be held on 
Thursday morning, August 26, and will include 
several addresses on topics of current importance 
by outstanding speakers. This session will also 
be marked by the award of the Ebert Prize, the 
Kilmer Prize, the Iodine Educational Bureau, 
Inc. Award, and the address of the President- 
Elect, Mr. Newell Stewart. 

Four sessions of the House of Delegates will be 
held on Tuesday afternoon, August 24, Wednesday 
morning August 25, Friday morning, and Friday 
evening, August 27, respectively. 

The meetings of the House of Delegates on 
Tuesday and Friday evening will immediately 
precede the General Sessions of the ASSOCIATION. 

Members of the House of Delegates will be re- 
quested to supply nominations on official nomi- 
nating forms for the offices of President, First Vice- 
President, Second Vice-President, and Chairman 
and Vice-Chairman of the House of Delegates. 
These forms will be sent to each member by mail 
and must be returned by June 22. 


The members of the House of Delegates are also 
expected to send proposed resolutions to the 
office of the Association on forms provided for 
that purpose. It is important that the com- 
mittee on resolutions shall have sufficient time to 
review resolutions submitted, in advance of the 
meeting, so that they may be acted upon as early 
in the sessions of the House of Delegates as pos- 
sible. 

The five Sections of the AssocraTIon will hold 
meetings for the reading of papers on Wednesday, 
Thursday, and Friday, August 25, 26 and 27. 
Those who wish to submit papers to be read at 
these Section meetings, should contact the respec- 
tive section secretaries whose names and addresses 
are listed on Page VI. 

As has been customary in previous years, the 
American Association of Colleges of Pharmacy, 
the National Association of Boards of Pharmacy, 
the American Society of Hospital Pharmacists, 
The American College of Apothecaries, and The 
National Conference of State Pharmaceutical 
Association Secretaries, will hold meetings on 
Sunday, Monday and Tuesday, August 22, 23 
and 24 of the Convention Week. 

Entertainment features will include the Annual 
Banquet of the Association on Thursday even- 
ing, August 26, and the customary entertainment 
features for the ladies throughout the Convention 
week. 


Biennial Membership List 


The biennial Supplement to the Scientific /:di- 
tion.of the JOURNAL, carrying the full list of active 
members in good standing will be published with 
the June issue of Tuts JOURNAL. 

There is still time for members in arrears in 
their dues to be listed if their dues are received 
immediately. 

This issue will also carry the customary his- 
torical information about the AssocraTIoN, the 
constitution and by-laws, lists of former officers 
and lists of current committees. 


Ropert P. FISCHELIs, 
Secretary 
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«BY THE A.M. A COUNCIL ON 


New Policy for Presenting N.N.R. 
Information 


In order to give pharmacists more complete cov- 
erage, the important information made available by 
the A.M.A. Council on Pharmacy and Chemistry 
is being presented with the cooperation of the Editor 
of the Journal of the A.M.A. in the Scientific Edition 
as well as the Practical Pharmacy Edition starting 
with the April issues of Tu1s JourRNAL. All A.PH.A. 
members receive both issues of THis JOURNAL. 
Those members who have clipped the N.N.R. mono- 
graphs in the past will find the arrangement of this 
material in the Scientific Edition suitable for con- 
tinuing this practice. 

Complete N.N.R. monographs will be published 
in the Scientific Edition as soon as they become avail- 
able. Summary notices of this material with cor- 
relating references, will appear in the corresponding 
issue of the Practical Pharmacy Edition. 

The Practical Pharmacy Edition will also report 
additional N.N.R. information of immediate value 
to pharmacists. 


N.N.R. MONOGRAPHS 


HISTAMINE PHOSPHATE, U. S. P.—The struc- 
tural formula of histamine phosphate may be repre- 
sented as follows: 


Actions and Uses.—Histamine exists in various 
organs and tissues of the body, probably in an inert 
form. It produces local vasodilatation when re- 
leased from the cell under appropriate stimuli, such 
as trauma, shock, and possibly allergic reactions. 
When injected into an animal, histamine stimulates 
gastric secretion and produces flushing, nausea, 
bronchospasm, fall in blood pressure, arrhythmia, 
and gastrointestinal contraction. It acts directly 
on the receptive substance in smooth muscle. 

Histamine, although absorbed orally, produces 
highly variable effects when actministered by this 
route. Salts of histamine are usually administered 
subcutaneously, intravenously, or intramuscularly. 

Histamine phosphate is employed as a test for 
gastric secretory activity. It also produces tem- 
porary benefit in some patients with Ménieré’s syn- 


drome, including those showing sudden deafness. It 
has been used in the treatment of multiple sclerosis; 
although the effects are equivocal, they deserve 
further study. Some patients apparently experience 
temporary amelioration of the disease after histamine 
therapy. 

Although histamine has been recommended for 
treatment of migraine and certain cephalgias, the 
evidence of value is not convincing. Because of the 
known hazards of histamine therapy, the drug 
should not be used indiscriminately in these condi- 
tions. 

Histamine is a potent drug, and overdosage or 
administration to susceptible persons may give rise 
to serious reactions. Vasomotor collapse, shock, and 
even death may occur quickly if the drug is ad- 
ministered too rapidly or in too great a quantity. 
Thus, when calculating dosages, it should be remem- 
bered that the salt contains only about 36% of the 
active base. Epinephrine hydrochloride is the anti- 
dote of choice in histamine overdosage and should 
be given intramuscularly or, in severe poisoning, 
intravenously. A solution of epinephrine hydro- 
chloride 1: 1,000 should always be readily available 
at the time histamine is administered. 

Dosage.—For the treatment of Ménieré’s syn- 
drome and multiple sclerosis, a slow intravenous 
injection of histamine phosphate, 1.1 mg. per 100 
ce., in isotonic sodium chloride solution may be 
administered. The initial rate of administration 
should not exceed 20 to 30 drops per minute and 
should never exceed 50 to 60 drops per minute. A 
maximum of 250 cc. of such a solution may be ad- 
ministered in not less than ninety minutes. The 
therapy may be repeated daily until improvement 
is noted or until it is determined that the patient 
will not respond. 

Any reaction should be treated immediately with the 
intramuscular or intravenous injection of 1: 1000 
epinephrine hydrochloride. 


METHYLERGONOVINE TARTRATE.—Mether- 
gine Tartrate (Sandoz - 
2CH;,OH.—M. W. 893.02.—N-|a-Hydroxymethy] )- 
propyl]-d-lysergamide tartrate containing two mole- 
cules of methanol of crystallization.—d-Lysergic 
acid-d,/-hydroxybutylamide-2 tartrate containing 
two molecules of methanol of crystallization.—The 
structural formula of methylergonovine tartrate 
may be represented as follows: 


cH, 

Actions and Uses.—-Methylergonovine tartrate, a 
partially synthesized derivative of ergonovine 
maleate, is similar in action to the parent compound 
and other oxytocic alkaloids of ergot. See New and 
Nonofficial Remedies under the general statement on 
oxytocics and the monograph on ergonovine maleate. 

Methylergonovine tartrate induces uterine con- 
tractions in the immediate period after placental ex- 
pulsion and in the puerperium by either parenteral or 
oral administration (within thirty to sixty seconds 
after intravenous injection, two to five minutes after 
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intramuscular injection, and three to five minutes 
after oral administration). Clinical observations 
indicate that the intensity and duration of its oxy- 
tocic effect is somewhat greater than that of ergono- 
vine maleate, but less prolonged than that of 
ergotamine tartrate. 

Dosage.—Methylergonovine tartrate is adminis- 
tered orally, intramuscularly, or intravenously. In- 
jection should be used immediately following de- 
livery of the anterior shoulder or the placenta. A 
single dose of 0.2 mg. is injected intramuscularly or 
intravenously at the end of labor. If atony and 
hemorrhage persist post partum, further injections 
of the same dose may be given at intervals of two 
tofour hours. A dose of 0.2 mg. may be given orally 
three or four times daily in treating subinvolution 
or during postpartum convalescence in place of the 
parenteral route. 


Tests and Standards. 


Physical Properties: Methylergonovine tartrate is a white 
to pinkish tan, odorless, bitter, microcrystalline powder. It 
is very soluble in water, freely soluble in alcohol, and very 
slightly soluble in chloroform and in ether. Methylergono- 
vine tartrate must be protected from light and heat. The 
pH of a 0.02% solution is 5.0.-5.8. 

For more information regarding this monograph see J. 
Am. Med. Assoc., 184, 834 (March 6, 1954). | 
Sandoz Pharmaceuticals, Division of Sandoz Chemi- 
cal Works, Inc., New York. 


Solution Methergine Tartrate: l-cc. ampuls. A 
solution containing 0.2 mg. of methylergonovine 
tartrate in each cc. (pH 3.54.5). 


Tablets Methergine Tartrate: 0.2 mg. U. S. 
patent 2,265,207. U.S. trademark 400,893. 


TESTOSTERONE, U. S. P.—Androlin (Lincoln).— 
288.41.—The structural formula 
of testosterone may be represented as follows: 


OH 


Actions, Uses, and Dosage.—Testosterone in aque- 
ous suspension apparently has a slightly lesser in- 
tensity and slightly greater duration of androgenic 


action than testosterone propionate. See monograph 
on testosterone propionate in N. N. R. 


|For information regarding this monograph see J. 
Am. ‘Med As Assoc., 154, 1002(March 20, 1954). 


TETRAETHYLAMMONIUM CHLORIDE.—Eta- 
mon Chloride (Parke, Davis)._-CsHa»CIN.—M. W. 
165.71.—Tetraethylammonium chloride is made in 
the form of a 50 per cent solution in water. From 
this solution the dosage forms are prepared. The 
structural formula of tetraethylammonium chloride 
may be represented as follows: 


Actions and Uses.—Tetraethylammonium chloride 
is a quaternary ammonium compound belonging to a 
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class of drugs that, like nicotine and curare, act as 
generalized ganglionic blocking agents. The drug 
partially blocks transmission of motor nerve im- 
pulses through the ganglia of both the sympathetic 
and parasympathetic divisions of the autonomic 
nervous system. Its action is not adrenolytic and is 
interrupted by neostigmine. The blocking of sym- 
pathetic stimuli associated with vasospasm usually 
results in an increased blood supply to the affected 
region, accompanied by reduction in arterial pressure 
due to vasodilation. The simultaneous interfer- 
ence with the transmission of parasympathetic im- 
pulses produces loss of ocular accommodation, ces- 
sation or decrease of motility of the gastrointestinal 
tract, and alteration of urinary bladder function. 

Tetraethylammonium chloride is of limited clinical 
usefulness os a therapeutic and diagnostic agent in 
the managemcnt of peripheral vascular diseases and 
other conditions involving vascular dysfunction. 

Tetraethylammonium chloride promptly lowers 
blood pressure in both normal and hypertensive 
patients. Peripheral circulatory collapse has fel- 
lowed its use. Patients occasionally also experience 
dyspnea with hyperventilation, weakness, fatigue, 
lightheadedness, slowing of speech, dulling of the 
sensorium, difficulty in muscle movement that is not 
associated with impairment of the deep reflexes, 
dryness of the mouth, and loss of ocular accommoda- 
tion. The drug should be employed with caution in 
patients with severe hypertension, particularly in 
the presence of poor renal function, or high diastolic 
blood pressure. Repeated administration should 
be avoided in the presence of impaired renal excre- 
tion. Tetraethylammonium chloride is not suitable 
for the treatment of hypertension because its hypo- 
tensive effect is not sustained. It should not be used 
in patients with recent coronary thrombosis and 
should be used with caution in all elderly patients, 
and those with arteriosclerosis because they often 
experience unusual decrease in blood pressure with 
diminution in blood flow through the extremities. 

Dosage.—Tetraethylammonium chloride is ad- 
ministered by intravenous or intramuscular injec- 
tion. Intramuscular injection produces local ten- 
derness and burning. Subcutaneous injection pro- 
duces considerable local irritation and oral adminis- 
tration is ineffective. 

The intravenous dose is 2 to 5 cc. of a solution rep- 
resenting 0.2 to 0.5 Gm. (not to exceed 7 mg. per 
Kg. of body weight). Frequency of injection de- 
pends on duration of relief of symptoms. The ef- 
fectiveness of the dose can be judged properly only 
on the basis of three or more injections. Injections 
may be given once or twice daily for several weeks in 
exceptional cases. The effects of the drug appear 
almost immediately afier intravenous administration 
and postural hypotension lasts from several minutes 
to one hour. Patients should be kept recumbent 
for at least one hour after intravenous injection. 

The intramuscular dose is 10 to 12 cc. (5 to 6 cc. 
in each buttock) of the same concentration as that 
used intravenously, representing 1 to 1.2 Gm. (not 
to exceed 20 mg. per Kg. of body weight). This 
maintains an effective sympathetic block for six to 
thirty-six hours in hospitalized patients. Continua- 
tion of the autonomic blockade for longer than 
thirty-six hours usually causes considerable distress. 
Addition of 1 cc. of 2 per cent procaine hydrochloride 


(Continued on page VII) 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLIII, No. 5 


101st Convention 


American Pharmaceutical 
Association 


and 
Affiliated and Related Organizations 


Hotel Statler 
Boston, Mass. 
August 22-27, 1954 


‘The next annual meeting of the American Pharmaceutical Association 
will be held in Boston, Mass., August 22 to 27, 1954. 


Members planning to present papers before any Section during this 
meeting are earnestly requested and strongly urged to notify the appro- 
priate Section secretary of their intention promptly. 

Titles and abstracts {not to exceed 200 words} of papers should be 
submitted by May 15, 1954, or preferably earlier, in order to insure a 
place on any section program. Send titles and abstracts of papers to the 
appropriate Section Secretary. 


SCIENTIFIC SECTION PHARMACEUTICAL ECONOMICS 
Arthur J. McBay, Secretary SECTION 
179 Longwood Avenue James W. Lansdowne, Secretary 
Boston 15, Mass. 5235 Cornelius Avenue 
EDUCATION AND LEGISLATION 

SECTION PRACTICAL PHARMACY SECTION 


Frank L. Mercer, Secretary . 


Sciences 
Euclid and Parkview Place Washington 7, D. C. 


St. Louis 10, Mo. For detailed information address the 


HISTORICAL PHARMACY SECTION Secretary of the American 


George E. Osborne, Secretary Pharmaceutical Association, 
2488 Redondo Avenue 2215 Constitution Avenue, N. W., 
Salt Lake City, Utah Washington 7, D. C. 


May, 1954 
N.N.R. 


from page V 


solution to the dose of tetraethylammonium chloride 
decreases the discomfort caused by intramuscular 
injection. 

Peripheral circulatory collapse should be treated 
by artificial respiration and/or injection of epi- 
nephrine hydrochloride solution 1:1,000. Intraven- 
ous administration of 0.5 to 1 mg. of neostigmine 
methylsulfate in solution antagonizes the blocking 
action of tetraethylammonium chloride and pro- 
motes rapid recovery from the postural hypotension. 
Tests and Standards.— 

Physical Properties: Tetraethylammonium chloride, iso- 
lated by evaporating the 50% solution in a vacuum, is an ex- 
tremely hygroscopic, odorless, white solid. It is very soluble 
in water and in alcohol freely luble in chloroform, 

ically 1 in b and inether. The pH of the 

% and 10% — is 5.8 to 6.5. 

{For more "informatie » regarding this monograph see J. 
Am. Med. Assoc., 154, 506(Feb. 6, 1954).) 


Parke, Davis & Company, Detroit. 


Solution Etamon Chloride 10%: 20-cc. Steri- 
Vials. A solution containing 0.1 Gm. of tetraethyl- 
ammonium chloride in each cc. Preserved with 
0.005% benzethonium chloride. U. S. trademark 
432,476. 


TRIHEXYPHENIDYL HYDROCHLORIDE. - 
Artane Hydrochloride (Lederle 
—M.W. 
hexyl-l-propanol hydrochloride.—The structural 
formula of trihexyphenidyi hydrochloride may be 
represented as follows: 


Or 
oye HCt 


Actions and Uses.—Trihexyphenidyl hydrochlo- 
ride, a synthetic piperidyl compound, exhibits an 
atropine-like action and exerts an antispasmodic 
effect on smooth muscle and an inhibitory action 
on the parasympathetic nervous system. Thus, 
spasm of smooth muscle is relieved by direct action 
and by indirect parasympathetic release. The drug 
also relieves spasticity of voluntary muscle, partly 
because of its parasympatholytic action and partly 
because of action on the cerebral motor centers. 
Unlike atropine, the action of trihexyphenidyl is 
strongest in producing desirable, relaxant effects, 
and weakest in producing undesirable side-effects. 
Compared with atropine, trihexyphenidyl produces 
about one-half as intense antispasmodic action, one- 
third as great mydriatic action, one-eighth as much 
antisialogogue effect, and one-tenth as much cardio- 
vagal inhibition. 

Trihexyphenidyl hydrochloride is useful for the 
treatment of all forms of parkinsonism, including the 
postencephalitic, arteriosclerotic, and idiopathic 
types. It reduces the muscular rigidity and relieves 
the depression and mental inertia characteristic of 
this syndrome. The drug is especially effective in 
reducing the rigidity produced by muscle spasm, 
thus increasing the ability of the patient to achieve 
coordination of muscular motions. Tremor is 
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usually reduced, but in some patients who have been 
severely spastic, it may become more perceptible as 
spasticity is relieved. Sialorrhea is reduced, but 
with less accompanying mouth dryness, blurred 
vision, or mydriasis than with the use of atropine. 
Trihexyphenidy] is particularly useful in the treat- 
ment of arteriosclerotic parkinsonism because, un- 
like atropine, it usually does not tend to precipitate 
glaucoma. 

Trihexyphenidyl hydrochloride thus far has sel- 
dom produced severe reactions with therapeutic 
dosages. Some patients experience minor side- 
effects such as dryness of the mouth, blurring of 
vision, dizziness, mild nausea, or nervousness. Com- 
pared with the symptoms of unrelieved parkinson- 
ism, they are usually not troublesome and may be 
controlled by adjustment of dosage or time of 
administration. These side-effects tend to decrease 
with continued use of the drug. The infrequent but 
more severe reactions of mental confusion, agitation, 
or nausea with vomiting tend to occur in arterio- 
sclerotic patients or in persons exhibiting other drug 
idiosyncrasies. Such patients must develop toler- 
ance to the drug gradually, beginning with a smaller 
initial dose and increasing the dosage more slowly 
until an effective level is reached. If a severe reac- 
tion occurs, administration of the drug should be 
discontinued temporarily for several days and then 
resumed at a lower dosage level. Hypertension or 
cardiac, liver, or kidney disorders do not contraindi- 
cate use of the drug, but patients with these condi- 
tions should be carefully observed. 

Dosage.—Trihexyphenidyl hydrochloride is ad- 
ministered orally. The usual initial dose is 1 mg. 
for the first day. If the patient is already receiving 
treatment with other agents, this initial dose should 
be substituted for a part of the current therapy. As 
the dosage of trihexyphenidy] is gradually increased, 
other medication should be decreased until the drug 
has replaced the former treatment or until an effec- 
tive balance has been achieved. With prior therapy 
and in arteriosclerotic or sensitive patients, daily 
increments of the dose should be small until satis- 
factory tolerance is attained. If prior medication 
or unusual reactivity is not involved, the dosage is 
increased to 2 mg. for the second day, with subse- 
quent increments of 2 mg. daily until a total daily 
amount of 6 to 10 mg. is reached. Postencephalitic 
patients may require as much as 12 to 15 mg. daily. 
At the lower level of daily dosage, the total amount 
can be divided into three equal parts, taken near 
meal times; at the higher level, a fourth dose at 
bedtime is required. Patients are allowed to choose 
whether to take the medication before or after meals. 
Postencephalitic patients, who have more excessive 
salivation, will prefer administration after meals and 
may require small doses of atropine sulfate as an 
adjuvant. Whenever the mouth becomes exces- 
sively dry, the drug can be taken before meals unless 
this causes nausea; if it is necessary to administer 
the dose after meals, dryness can be allayed by hard 
candy, gum, or extra intake of fluid. 


Tests and Standards.— 

Physical Properties: Trihexyphenidy! hydrochloride is a 
white, odorless solid, m. p. 249.0-249.5° (with slight decom- 
position). It is freely soluble in methanol, and very slightly 
soluble in ether and in benzene. The approximate amounts 
which dissolve at 25° in the following solvents to form 100 ml. 
of solution are: 6 Gm. in alcohol, 5 Gm. in chloroform, and 
1 Gm. in The pH of a 1% is 5.5-6.0. 


interes 


In the May 1954 issue of the 
Practical Pharmacy Edition 


(All references to actions and uses are taken from the statements 
of the producers of the products mentioned.) 


> Featured by Abbott Laboratories are 
Iberol—“Iron-Plus’"— and their antibiotic, 
Erythrocin Stearate. 

> Span, Tween, Arlacel, and Sorbo are some 
of the adjuncts offered by Atlas Powder 
Company for use in pharmaceutical prepa- 
rations. 

> Ciba announces that new fair trade mini- 
mums and quantity discounts make a 40 
per cent profit possible on its entire line. 

> Ilidar Phosphate, for vasospasm, and 
Gantrisin Cream, for vaginal use, are intro- 
duced by Hoffmann-La Roche. 

> Hynson, Westcott & Dunning describes 
Lutrexin Tablets as valuable in the treat- 
ment of dysmenorrhea. 

> Dactil, states Lakeside Laboratories, is 
backed by proved performance, and usually 
relieves pain spasm in ten minutes. 

> Lederle Laboratories announces that its 
antibiotic, Achromycin, is now available in 
cherry-flavored drops and suspension for 
pediatric use. For the relief of poison ivy, 
insect bites, and minor skin irritations, 
Lederle advocates Rhulicream. 

> Eli Lilly & Company reports that its pre- 
natal nutritional supplement, ‘Prenalac’, 
provides wenmeeede’ daily vitamin and 
mineral allowances. 

> The following prescription specialties are 
listed by the S. E. Massengill Company in 
its announcement: Adrenosem, Aminodrox, 
Broniacin, Livitamin, Massengill Powder, 
Obedrin, Salcedrox, and Semhyten. 

> Merck & Company reiterates the value of 
its vitamin preparations in countering nu- 
tritional deficiencies. 

> Duraglas Rx Containers, points out 
Owens-Illinois, enhance the dispenser’s 
reputation. 


> Benadryl, states Parke, Davis & Co., is 
prescribed by physicians for relief in a wide 
variety of seasonal allergies. 

> It's “top promotion time for these Pfizer 
profit makers: new long-acting Bonamine 
and Terramycin Intramuscular.” 

> Because of its excellent reputation, Phila- 
delphia College of Pharmacy and Science 
attracts students from many distant states 
and nations. 

> Reed & Carnrick introduces Lullamin 
Drops, nonbarbiturate sedative for pedi- 
atric use. 

> “Now take the topical route to greater 
Tetracyn profits!” advocates J. B. Roerig. 

> Cremosuxidine (Sharp & Dohme, Inc.) is 
a palatable and effective triad for control of 
specific and nonspecific diarrhea. 

> In two insertions, Smith, Kline & French 
announces Thorazine for the control of 
nausea, severe agitation, and acute anxiety, 
and introduces Teldrin and Spansule for the 
relief of allergic disorders. 

> For the treatment of hypertension, E. R. 
Squibb & Sons states that more physicians 
write prescriptions for Raudixin than for 
all other forms of Rauwolfia combined. 

> The Upjohn Company reaffirms the 
proven aoa of Kaopectate in the 
treatment of diarrhea. 

> Vi-Syneral Vitamin Drops, reports U. S. 
Vitamin Corporation, are better absorbed 
and more completely utilized. 

> Methium, its new oral hypotensive agent, 
is the subject of the Warner-Chilcott inser- 
tion. 

> Phenergan for the symptomatic relief of 
pollen hay fever is publicized by Wyeth. 

> Isuprel, says Winthrop-Stearns, “will sup- 
press almost any attack of asthma.” 


> Look for details in the Practical Pharmacy Edition of This Journal—Out May 20 
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Studies in Ergot* 
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Alkaloids of North American Ergot 


By GORDON H. SVOBODA, GEORGE SHAHOVSKOY, A. THORNTON OLIVER, 
EROLD DILLER, FLORENCE BARTON, and ALBERT J. BARNES, Jr.t 


A phytochemical investigation of North American ergot was undertaken, using a 
modification of the extraction procedure applied previously to ergotamine-containing 


Swiss ergot. The peptides isolated as 
cristine apparently in solid solution. 


ergots also yielded 


hthalates consisted of ergotamine and er 
ye ergots of Canadian and Japanese origins 
gave the same results, as did American barley and durum wheat ergots. 


All of these 


ergonovine, and thus for the first time isolation of all three types 


of alkaloids, i. e., ergotoxine, ergotamine, and ergonovine from the same ergot is 
reported. The mixed ergotamine-ergocristine salt was separated into its compo- 
nent parts. Valuable physical data for the various compounds are reported. 


T HAS BEEN ESTABLISHED that ergotamine can 

be readily isolated from Central European 
ergot as the phthalate salt (1), and it was the 
purpose of this investigation to extend this tech- 
nique to rye ergot from other sources, particularly 
from the United States. The domestic ergots 
used in this study included those from rye, durum 
wheat, and barley of Minnesota and neighboring 
States. 


EXPERIMENTAL DESIGN 


The procedure represented a departure from that 
used in the extraction of the Central European 
ergot. The use of an acid reagent, such as Al»- 
(SO,);-18H,0 (2), to bind the alkaloids in the drug 
during defatting was found to be unnecessary. The 
ground ergot could be reasonably well defatted with 
extraction naphtha, and while not as much fatty 
material was removed as with benzene, no difficulties 
were encountered in the processing by the phthalate 


* Received January 6, 1953, from the Lilly Development 
and Control Laboratories, Eli Lilly and Company, Indian- 
apolis, Ind 

+ The authors are grateful to Drs. S. F. Kern and H. A. 
Rose for their X-ray and crystallographic studies, Dr. H. E 
Boaz for the infrared absorption spectrum, Mr. D. O. Wooif, 

t., for electrometric titrations, Messrs. J. M. Goodye.r, 

M. Maciak for the analytical dats, 
Mr. H. L. Bird, Jr., for chromatographic studies, and Dr. 
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procedure. This procedure can presumably be ex- 
tended to the extraction of any ergotamine contain- 
ing ergot with equal success. 

The crystalline phthalate isolated from domestic 
ergot appeared to be a mixture of ergotamine and 
ergocristine phthalates in solid solution. Acid 
hydrolysis studies of this salt showed the presence 
of phenylalanine and proline among the reaction 
products, while alkaline hydrolysis gave pyruvic 
and dimethylpyruvic acids. The hydrolysis prod- 
ucts of the known peptide alkaloids of ergot are 
given in Table I. 

Application of a paper chromatographic method 
developed by Bird (4) appeared to further substan- 


TABLE I.—-DEGRADATION FRAGMENTS OF PEPTIDE 
ALKALorps oF Ercor (3) 


Ergosine 


L-leucine, pyruvic acid, pD-proline, 
NHsg, lysergic acid 
L-phenylalanine, pyruvic acid, p- 
proline, lysergic acid 
L-valine, dimethylpyruvic acid, p- 
proline, NH, lysergic acid 
L-leucine, dimethyipyruvic acid, p- 
proline, NH;, lysergic acid 
L-phenylalanine, dimethylpyruvic 
acid, pD-proline, NHs;, lysergic acid 


Ergotamine 
Ergocornine 
Ergocryptine 
Ergocristine 
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tiate the above conclusion. This method involved 
the running of simultaneous strips of phthalate and 
authentic alkaloids, using formamide as the station- 
ary phase and formamide-saturated benzene as the 
mobile phase. Ry values of the two-spot phthalate 
were identical with those of authentic ergotamine 
and ergocristine, run both as separate entities and 
as an artificially prepared mixture. 

Thus having established the identity of the two 
alkaloids, it remained to determine the absolute 
amounts of each in the mixture. X-ray measure- 
ments, crystallographic studies, and rotational data 
indicated that a mixture of varying composition 
was involved. Application of countercurrent analy- 
sis of mixed and authentic phthalates in a system of 
ethyl acetate-10% acetic acid confirmed this. 

One mixed phthalate thus isolated crystallized 
from acetone as transparent rhombic plates, Fig. 1, 
with a profile angle of 83°; m, = 1.592, mm, = 1.530 
(27°, sodium light), m. p. 178° (decomp.), [a]*} 
+ 68° (1% in methanol or 90% acetone) and [a]? 
— 158° (1% free base in chloroform). 

X-ray diffraction data on this compound, Table 
II, were obtained using a Norelco 114.59-mm. di- 
ameter camera and vanadium oxide filtered chro- 
mium radiation (A = 2.2850 A.). The sample was 
mounted in a parlodion capillary having an inside 
diameter of 0.4 mm. 

A typical elemental analysis gave the following 
results: C = 64.10%, H = 5.34%, N = 8.98%, 
when the sample was dried in vacuo for twenty-four 
hours at 60°. 

Electrometric titration of this phthalate in 33% 
dimethyl! formamide showed three groups with the 


Fig. 1.—Typical phthalate crystals. 
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Taste II.—X-Ray Dtrrraction DATA FOR A 
MIXED PHTHALATE 


25 62 68 


DOD 


following pK’, values: 3.64, 6.23, 7.0. Independ- 
ent titration of phthalic acid gave pK’, values of 
3.7 and 7.0. This phthalate was evidently com- 
posed of one molecule of base and one molecule of 
acid. Its apparent molecular weight was 780 + 30. 

The infrared absorption spectrum of this sample 
of phthalate is included in Fig. 2. 

The free base was readily isolated from the salt 
and recrystallized from benzene as transparent o- 
rhombic prisms. Single crystal studies produced 
the following data: 


Crystal system: ortho-rhombic. 

Form and habit: Rods and prisms from ben- 
zene showing the macropinacoid (100), 
prism (110), and macrodone (101). 

Cell dimensions: 

Ao = 15.92 + 0.09 A, Bo = 14.44 + 0.07 A, 

Co = 18.26 + 0.09 A. 

Formula weights per cell: 4. 

Formula weight: 601.2 + 12 (calculated from 
cell dimensions and density ) 

Density: 1.199 Gm./cc. (flotation) 

Refractive indices: 

a = 1.54 (calc. from 2 V, 8 and r), 

8 = 1.616 + 0.003, \ = 1.635 + 0.003 
Optical axial angles: 2 V = 65° + 3° 
Dispersion: V > R 
Optic axial plane: 001 
Sign of double refraction: Negative 
Acute bisectrix: a = a 


The value of the molecular weight found in this 
work (601.2) lay between those of ergotamine (581) 
and ergocristine (609), but was closer to the latter. 
The value found for the optic axial angle (65°) 
was between those for ergotamine (56°) and ergo- 
cristine (74°). The literature values (5) of the re- 
fractive indices of ergocristine are uncertain and lie 
too close to those given for ergotamine to be of 
much value in differentiation. 

The mixed phthalate was separated into its pure 
component parts by fractional crystallization of the 
free base and crystallization as the ethanesulfonate, 
but only at.a considerable sacrifice of starting ma- 
terial. The ergotamine ethanesulfonate crystallized 
from acetone as large rhombic plates having parallel 
extinction, positive elongation and a profile angle 
of 85°; m = 1.645, m. = 1.545. This salt crystal- 
lized from ethanol as rhombic plates with sym- 
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metrical extinction and negative elongation, m, = 
1.600, m. = 1.520. The crystal edges were rounded 
so that a profile angle would be subject to large 
error. The phthalate prepared from the free base 
crystallized from acetone as blades having parallel 
extinction, positive elongation, and a profile angle 
of 82°; m = 1.630, mp = 1.545. The ergocristine 
phthalate crystallized from acetone as blades having 
parallel extinction, positive elongation, and a profile 
angle of 82°; m = 1.580, m,_ = 1.510. Comparisons 
were made with corresponding salts prepared from 
authentic samples of ergotamine and ergocristine,' 
as well as with salts of ergotariine isolated from 
cultivated Swiss ergot (1), with the results as set out 
in Table III. 

X-ray data for various ergotamine and ergocris- 
tine derivatives are given in Table IV. 

Rye ergot, other than domestic, was investigated 
and included Canadian, cultivated Japanese, and 
Rumanian samples. Two other domestic ergots 
were included in this study, those from durum 
wheat and barley. Data on the mixed phthalate 
yields are given in Table V. While not within the 
scope of this paper, it may be mentioned that ergo- 
novine was readily isolated as the maleate from all of 
these samples, including the Swiss ergot previously 
investigated (1). 

None of the samples of Spanish commercial ergot 
examined yielded any crystalline phthalate. We 
are in direct agreement with Smith and Timmis (6) 
in that the source of ergot determines the alkaloid 
content rather than the so-called “protective” 
method of isolation of Stoll and Hofmann. 


EXPERIMENTAL PROCEDURE 


Extraction Procedure.—-Forty-five hundred grams 
of American rye ergot were carefully ground through 
a No. 12 screen, the mill being chilled during this 
operation, as with solid CO.. The drug was then 
mixed with 850 cc. of 11% ammonium hydroxide 
and charged into a jacketed percolator, the tem- 
perature of which was maintained at 15-20° 
throughout the course of percolation. 

The drug was defatted with 17.5 L. of extraction 
naphtha, approximately 11% of the drug weight 
being obtained as a viscous yellow oil. Further 
percolation of the drug with 25 L. of thiophene-free 
benzene resulted in the extraction of the peptide 
alkaloids. Concentration in vacuo of the benzene 
percolate to 1,500 cc., with the subsequent addition 
of 7,500 cc. of extraction naphtha, yielded 17.5 
Gm. of a gray amorphous base. The crude base 
was extracted with ether, and 19.4 Gm. of amor- 
phous phthalate was precipitated by the addition of 
an ether solution containing 4 Gm. of phthalic acid. 
Crystallization and recrystallization from acetone 
yielded 4.97 Gm. of crystalline phthalate. 

Separation of Mixed Phthalate.—Ten grams of 
phthalate were suspended in 5 L. of water. The 
mixture was made alkaline to pH 9 with ammonium 
hydroxide and extracted with 2-10 L. and 2-5 L. 
portions of thiophene-free benzene. After being 
dried, the extract was concentrated in vacuo until 
crystallization began. The first crop of base (I) 
was filtered, washed, and dried in vacuo for twelve 
hours at 40° (wt. = 4.2Gm.). The mother liquor 


! Kindly supplied by Dr. A. E. Stoll, Sandoz. 
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was concentrated in vacuo until crystallization began 
and finally to a thick syrup, yielding 3.16 Gm. 
(II) and 1.84 Gm. (III) respectively. The bulk of 
the ergotamine was found in (I), while (II) and 
(III) were composed essentially of ergocristine. 
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TasLe II1.—Puysicat Constants OF ERGOTAMINE AND ERGOCRISTINE FROM SEVERAL SOURCES 


Base 

in CHCh) 
Ergotamine phthalate _2H,O (Stoll) —140 
Ergotamine phthalate .2H,O (Swiss ergot) —1438 
Ergotamine phthalate 2H,O (domestic ergot) —141 
Ergotamine ethanesulfonate. CH,;COCH; (Stoll) —140 
Ergotamine ethanesulfonate.CH,COCH; (Swiss ergot) —144 
Ergotamine ethanesulfonate. CH,COCH, (domestic ergot ) —143 
Ergocristine phthalate .H,O (Stoll) —170 
Ergocristine phthalate. H,O (domestic ergot ) — 168 


N (Found) 


RRS SS 


Tasie IV.—Powver X-Ray Data on VARIOUS ERGOTAMINE AND ERGOCRISTINE DERIVATIVES 


A. Ergotamine Ethanesulfonate 


—- Domestic 


1.00 
06 
06 


d 
1. 
8. 
6 
5 
5. 
5 
4. 
4. 
4 
4 
3. 
3 
3. 
3 
3.8 
3 
2. 


B. Ergocristine Phthalate C. Ergotaminine D. Ergocristinine 
Acetone Recrystallized Methanol Recrystallized Methanol Recrystallized 
d d d 


.00 13.8 0.63 14.4 0.25 
00 0.06 0.38 
O05 1.00 0.13 
10 1.00 0.138 
20 0.50 1.00 
05 
20 
20 
10 
80 
05 
05 
10 
05 
08 
05 


= 
aoe 


te 


to 


SUG: 


te 
> 


2.72 


” This pattern was somewhat than the others of the acetone group, thus accounting for the greater number of mens- 
ufable lines. The salt was recrystallized 3 times from acetone, resulting in a somewhat higher degree of crystallization. 


A 1.25-Gm. sample of (I) was dissolved in 4 cc. Dilution with acetone to 50 cc. and warming to 40° 
of acetone, and 5 cc. of 0.5 N ethanesulfonic acid was caused complete solution. Slow cooling to room 
added, producing an immediate clouding and deposi- temperature induced crystallization. A light gray- 
tion of a gummy mass on the walls of the flask. green crystalline material was collected (wt. = 


| 
=~ Acetone Red 

mestic*— ~~ Domestic— 
im 0.63 1 
0.63 
1.00 
5 0.18 79 0.06 
14 0.50 52 0.38 
0 0.06 Ol 0.06 
O.38 43 0.25 
0 0.06 61 0.20 
0.38 23 0.25 
6 0.06 83 0.25 
0.06 30) 1.00 
3 0.25 9 0.18 
9 46 0.06 
37 «(0.06 
0.06 P 
9 0.06 7.99 0.06 
0.20 3.71 0.25 
3.49 0.10 3.50 0.06 
3.41 0.05 3.42 0.06 
3.17 0.05 
14.2 
11.85 1 
10 
: 
9 
6 
6 
6 
5 
4 
4 
4 
3 
3 
3 
3 
0.06 
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Durum 
Rye, Wheat, 
Gm Gm. 


2.6 


Barley. 
Gm. 
Domestic 4.97 44 
Canadian 3.58 d 
Japanese 3.50 
Rumanian O.1l 


0.45 Gm.). Recrystallization from acetone yielded 
0.4 Gm. of chromatographically pure ergotamine 
ethanesulfonate. This salt was also readily pre- 
pared in an alcoholic medium. 

A 1.25-Gm. sample of (III) was dissolved in 
ether, and an ether solution containing 0.4 Gm. of 
phthalic acid was added, yielding 1.31 Gm. of 
amorphous phthalate. Crystallization and recrys- 
tallization from acetone produced 0.57 Gm. of first 
crop and 0.57 Gm. of second crop material, the latter 
being chromatographically pure ergocristine phthal- 
ate. 

Ergotaminine and Ergocristinine..-As further 
proof of identity the L-formis were converted to the 
p-forms. A 0.5-Gm. sample of the respective L-base 
was dissolved in 25 cc. of methanol, which contained 
3 drops of glacial acetic acid. The solution was 
boiled for ten minutes and allowed to stand overnight 
at room temperature. Although ergotaminine was 
more methanol-insoluble than ergocristinine, it re- 
quired a much longer period of heating to effect 
its conversion. 

Countercurrent Extraction.—The countercurrent 
distribution was run in a 60-tube Craig apparatus 
(H. W. Post Co.) which required 100 ml. per phase, 
using the system of redistilled ethyl acetate—10% 
acetic acid. The system was equilibrated before 
use. The distribution was run in a dark, constant- 
temperature room of 25°. A load of 80-100 mg. 
was found to be the maximum for successful dis- 
tribution without the complication of emulsion for- 
mation. A total of 30 inversions for each transfer 
was made to effect equilibration of the alkaloid be- 
tween the two phases. 

Upon completion of the distribution the two 
phases were removed from each tube and stored in 
the dark and cold until further processing. To 
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FLUOROMETER READING 


Fig 3.-Standard curves of the alkaloids for fluoro- 
metric determination. 
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Fig. 4.—Ergocristine distribution. 


make a determination the ethyl acetate was re- 
moved under vacvum in the dark without the aid 
of heat. With this technique a minimum destruc- 
tion of the alkaloid was obtained, and the total 
alkaloid in a tube was concentrated in the 10% acetic 
acid phase. The solution was then transferred to 
a volumetric flask and made up to 100 ml. This 
represented the total alkaloid for an individual tube 
of a distribution and was done for each tube in the 
distribution. 

The determination was based on the fluorescence 
of the alkaloid, this being a function of the lysergic 
acid nucleus. It was found to be a very sensitive and 
simple method for determining such alkaloidal con- 
centration. Measurements were made on the Cole- 
man photofluorometer, Model I-110. Readings 
were made at 365 my, with the use of a Woods glass 
filter. The sample to be determined was prepared 
by making an appropriate aliquot of the 10% acetic 
acid solution of the alkaloid up to a volume of 10 
ml. Care was exercised to expose the solution to a 
minimum of light. 

Calculations were based on standard curves of the 
alkaloids, Fig. 3. 

To establish the partition coefficients of the two 
ergot alkaloids of interest, i. e., ergotamine and 
ergocristine, known preparations of each were run 
separately. The peaks were qualitatively confirmed 
by paper chromatography, both in the known and 
unknown mixtures. 


MG. OF ERGOTAMINE 
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Fig. 5.—Ergotamine distribution, 
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Fig. 6.—Distribution of mixed phthalate. 


Figure 4 shows a typical distribution curve of 
ergocristine of our own preparation, which was ob- 
tained in the system and under the conditions de- 
scribed. The ergocristine moved in a homogeneous 
peak centered on tube 31 and gave a partition coef- 
ficient of 1. A recovery of 63% suggested destruc- 
tion of alkaloid during distribution. Fluorometer 
analysis of the entire distribution did not reveal 
any fluorescent material, suggesting that the lysergic 
acid nucleus was disrupted in some manner during 
distribution. 

The ergotamine sample in Fig. 5 again demon- 
strated that the distribution was homogeneous, 
and the partition coefficient was 0.26. A 78% re- 
covery of the ergotamine was realized, which may 
suggest that it was more stable under operating 
conditions than was the ergocristine. 

The patterns for a mixed phthalate are shown in 
Figs. 6 and 7. Paper chromatography of the peak 
materials demonstrated ergotamine and ergocris- 
tine as pure components. Calculations of the par- 
tition coefficients further showed the similarity of 
the peaks to their known values. 

From the curves presented, it may be concluded 
that the samples investigated were composed of 1 
part ergotamine and 1.0-1.5 parts ergocristine. If 
corrections were made for the destruction of each 
alkaloid as calculated from the standard distribu- 
tion curves, the ratio of the mixture could be cal- 
culated as 1 part ergotamine and 1.8-2.0 parts of 
ergocristine. 
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Fig. 7.—Distribution of mixed phthalate. 


SUMMARY 


1. The phthalate procedure for ergotamine 
was extended to the investigation of American 
ergot and resulted in the isolation of ergotamine 
and ergocristine phthalates in solid solution of 
varying composition. 

2. Ergonovine was also isolated as the mal- 
eate salt. 

3. American ergot (rye, durum wheat, and 
barley) was unique and differed from the Euro- 
pean ergot of commerce in that it contained all 
three classes of ergot alkaloids, i. e., ergotoxine 
(ergocristine), ergotamine, and ergonovine. 

4. This was also found to be the case for the 
samples of Canadian and cultivated Japanese 
ergot examined. 
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n-Dodecanesulfonic acid 
Tetrachlorohydroquinone diacetate 
2-Nitro-4,5-dimethylaniline 
9-Decenoic acid 

Dimethyl] diglycollate 


A 
WHO MAKES IT? | 


Antihistamine Potentiation of Pentobarbital 
Anesthesia‘ 


By HAROLD LIGHTSTONE} and JOHN W. NELSON{ 


The results of this investigation indicate that the common antihistamine 


nificantly prolon 


the sleeping time of pentobarbital anesthesia in the rat. re- 


sults of liver analyses indicate that the antihistamines do not seem to interfere with 


detoxication of pentobarbital. 


Evidence is presen 


to support the assumption 


that the antihistamines cause an increase in the rate of entrance of pentobarbital into 
the brain. The results also indicate that there is a required threshold concentration 


of pentobarbital in the blood 
altered res 


necessary 
nse. The mechanism by which the antihistamines prolong the sleeping 


before the antihistamines produce an 


time of pentobarbital is apparently unrelated to their common side actions, 


T= COMMON SIDE ACTIONS of the antihis- 

tamine drugs have been extensively summar- 
ized in numerous reports (1-8). Both depression 
and stimulation of the central nervous system 
have been observed after administration of the 
antihistamines (9). The most extensive report 
on the toxic actions of the antihistamines was by 
Wyngaarden and Seevers (10). In an attempt 
to estimate the potential central nervous system 
depressant action of the antihistamines Winter 
suggested the administration of a drug of known 
sedative action and observing the effect of an 
antihistamine superimposed upon it. He subse- 
quently reported a potentiating effect upon Evi- 
pal® (hexobarbital) anesthesia (40-100 mg./Kg.) 
by using Benadryl®, Pyribenzamine® and Neo- 
Antergan® (10-20 mg./Kg.) prior to the injec- 
tion of barbiturate (11). This same phenom- 
enon of potentiation of barbiturate anesthesia was 
reported by Heinrich (12). However, Crenheim 
and Ehrlich (13) reported an absence of any poten- 
tiating effect using four antihistamines related to 
Pyribenzamine®. The latest evidence to support 
the earlier work has been reported by Ambrus, 
et al. (14), who found certain antihistamines po- 
tentiated the effect of Evipal® in mice. It is the 
purpose of this paper to report results obtained 
by the use of five common antihistaminics in 
an attempt to demonstrate potentiation of pento- 
barbital narcosis in rats, and to offer a possible 
explanation for such a phenomenon. 


EXPERIMENTAL 


Potentiation.— Wistar strain rats obtained from 
Carworth farms were used throughout the investi- 
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gation. In most experiments they were employed 
in groups of twelve, selected to make the average 
¥. <t of the control group correspond as closely as 
possible to the average weight of the experimental 
animals. In all experiments the rats were fasted for 
eighteen to twenty-four hours prior to use. The 
antihistamine drug solutions were prepared in dis- 
tilled water so as to contain 10 mg./cc. and were 
not utilized if older than twenty-four hours. The 
pentobarbital used in this investigation was Ab- 
bott's Veterinary Nembutal", containing 60 mg./ 
cc. Where the effect of the antihistamine upon the 
recovery time of rats from narcosis induced with 
pentobarbital was to be observed, the rats received 
10 mg./Kg. of the antihistamine subcutaneously, 
followed in thirty minutes by 60 mg./Kg. of pento- 
barbital administered intraperitoneally. The time 
from the loss of the righting reflex to return of the re- 
flex was taken as the duration of sleep. The right- 
ing reflex normally returns after the following signs 
occur: yawning, stretching, movements of the 
vibrissae, urination, and erection of the tail. In 
some cases the rats served as their own controls and 
when such procedure was adopted at least four days 
was allowed to lapse between experiments. Di- 
phenhydramine hydrochloride (Benadryl), 8-(4- 
bromobenzhydryloxy )-ethyl-dimethylamine hydro- 
chloride (Ambodryl"), tripelennamine hydrochlo- 
ride (Pyribenzamine™), phenindamine tartrate 
(Thephorin® ), and chlorphenamine maleate (Chlor- 
Trimeton™) were used and the doses always refer 
to the salts of these compounds. Ambodryl® is a 
bromine analog of Benadryl® and is said to be 
less depressant in its side action when employed 
clinically. 

Tissue Studies.—All tissues were analyzed for 
pentobarbital by the method of Goldbaum (15). 
In the liver analyses twelve rats were used for con- 
trols and twelve rats for experimentals. In the 
case of the brain analyses fifteen rats were used in the 
experimental study and twelve served as controls. 
Three rats were used for each time period and anal- 
yses were made on individual livers and brains so 
that three separate readings could be compared. In 
the experiments comprising the tissue studies the 
rats received 30 mg./Kg. of pentobarbital instead of 
the usual 60.mg./Kg. The animals were sacrificed 
at specified time intervals and tissues immediately 
removed and placed in vessels at a temperature of 
zero degrees centigrade. They were analyzed for 
pentobarbital no longer than one hour later. 


263 


drugs sig- 
a 


SLEEPING TIME IN MINUTES 
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Fig. 1.—-Effect of antihistamines on pentobarbital 
anesthesia using separate control groups. 
STATISTICAL 
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RESULTS AND DISCUSSION 


Synergism Between Antihistamines and Pento- 
barbital Using Separate Control Groups.—In a series 
of six experiments the effects of Benadryl®, Ambo- 
dryl®, Pyribenzamine®, Chlor-Trimeton®, and 
Thephorin® on the sedative action of pentobarbital 
was studied. In Fig. 1 the sleeping times of the 
rats given both antihistamine and pentobarbital can 
be compared to the control group which received 
only pentobarbital. In all cases but one (Chlor- 
Trimeton™) the experimental! animals slept longer 
than the controls. It should be pointed out how- 
ever, that the controls in this particular case had re- 
ceived an antihistamine agent five days earlier. 


|.—-Errect oF ANTIHISTAMINES ON SLEEPING 
Time OF PENTOBARBITAL IN RATS SERVING AS OWN 
CONTROLS 


—Sleeping Times in Minutes— 
P H P H 
Controls 132 135 
Benadryl® 199 75 
Ambodryl® 224 
Pyribenzamine® 173 
Thephorin® 1 151 
Chlor-Trimeton® 170 
P—pentobarbital alone. 
H—-pentobarbital plus antihistamine. 
The controls received pentobarbital alone throughout the 
experiment. 


TABLE II. 
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Since it is generally agreed among various investi- 
gators that the antihistamines are released slowly 
from the body and hardly eliminated within five 
days (16), it is a possibility that the synergistic ac- 
tion was still present even after five days. 

Synergism Between Antihistamines and Pento- 
barbital in Rats Serving as Their Own Controls.— 
Since the sleeping times of two groups of rats in the 
same weight range under pentobarbital anesthesia 
may vary considerably, it was deemed necessary to 
observe what happens when rats serve as their own 
controls and receive pentobarbital alone and in 
combination with antihistamines on alternate occa- 
sions. 

Five groups of rats were selected to be used with 
the antihistamines and another group to serve as 
controls. The control group was run to observe 
what effect the pentobarbital alone produced on 
successive administrations. The average weights 
of the five groups were within 5 Gm. of each other. 
The sleeping times are recorded in Table I. It will 
be noted in all cases but two that the sleeping times 
of rats receiving antihistamines plus pentobarbital 
were longer than those of rats receiving pentobarbi- 
tal alone. 

The control group showed an almost progressive 
decline in sleeping times. In Table II the statistical 
evaluation for all the groups is shown. The prob- 
ability of the results occurring by chance is less than 
when the sleeping times were compared to those of 
separate control groups. 

Determination Whether the Antihistamines Cause 
a True Potentiation of the Pentobarbital.—-In ap- 
proaching the mechanism of the prolongation of 
sleeping times of pentobarbital by the antihist- 
amines an effort was made to see if the response to a 
lower than ED.; could be increased. Each rat of a 
group of fifteen averaging 108 Gm. in weight, was 
given a dose of 20 mg./Kg. of pentobarbital. Four 
out of the fifteen rats lost the righting reflex. After 
an interval of four days, the same group was given 
the same dose of pentobarbital preceded this time 
by 10 mg./Kg. of Ambodryl™. Again only four rats 
lost the righting reflex. These results suggest an 
action other than true potentiation; at least with 
this dose of pentobarbital the modification of re- 
sponse is not apparent. 

In an effort to gain more facts which might shed 
light upon this altered response to pentobarbital 
another experiment was carried out in which fifteen 
rats averaging 130 Gm. in weight were each given 
22.5 mg./Kg. of pentobarbital. Six of the fifteen 
went to sleep for three to twenty-eight minutes. 
Five days later the same rats were given 10 mg./Kg. 
of Ambodryl® followed in a half hour by 22.5 mg./ 
Kg. of pentobarbital and in this case twelve of the 


Benadryl® 
Ambodryl® 
Pyribenzamine® 
Theophorin® 
Chlor-Trimeton® 
* pP—probability. 


p 
0.04 
0.015 


| 
>0.5 0.12 0 
SIGNIFICANCE OF RESULTS 
Trial t t t 

value a value p value 
2.09 0.08 1.35 0.25 2.62 S| 
2.16 0.08 2.33 0.06 3.45 
1.86 0.08 2.38 0.06 
3.42 0.015 1.57 0.18 Rt 0.3 
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fifteen rats went to sleep and slept for eleven to 
forty-five minutes. From an examination of these 
results it would seem that the dose of pentobarbital 
is an important factor in determining whether or 
not a previous dose of antihistaminic will increase 
the response to the pentobarbital. In raising the 
dose from 20 to 22.5 mg./Kg. a 50° difference re- 
sulted between the control group and the experi- 
mental group in the number of animals losing the 
righting reflex. This difference in the dose would 
suggest that a certain threshold level of circulating 
pentobarbital was necessary before any significant 
modification of response could be produced. These 
facts would weigh heavily in favor of the increased 
permeability of the brain as the cause of the in- 
creased sleeping time. Thus, in the first instance 
the amount of circulating unbound pentobarbital 
was of such a level that the concentration in the 
brain necessary to produce anesthesia was never at- 
tained. 

The Antihistamines Cause a Mobilization of 
Pentobarbital in the Brain.—An experiment to as- 
certain whether the antihistamines increase the rate 
of entrance of pentobarbital into the brain was per- 
formed. Twelve rats were used and each was in- 
jected with 60 mg./Kg. of pentobarbital. Ambo- 
dryl® (10 mg./Kg.) was given intraperitoneally as 
each rat regained the righting reflex. Six of the 
twelve animals relost the righting reflex and slept for 
eighteen to seventy-five minutes. These results also 
would seem to favor the theory of increased penetra- 
tion of the brain by pentobarbital. 

The following experiments were undertaken to 
ascertain some of the chemical aspects of the phe- 
nomenon with which we are concerned. It was 
agreed that if it could be shown that the antihista- 
mines interfere with the normal mechanisms of the 
tissues in dealing with pentobarbital, some explana- 
tion of (ie prolonged sleeping times might be forth- 
coming. Since the liver and the brain are the princi- 
pal organs with which we are concerned when dealing 
with the barbiturates, it was decided to study the 
tissue concentrations of pentobarbital in rats injected 
with pentobarbital alone and in rats receiving both 
the barbiturate and the antihistamit.-. 

The Effect of Antihistamines on the Rate of Dis- 
appearance of Pentobarbital from the Liver.— The 
results are shown in Fig. 2 with micrograms of pento- 
barbital per gram of liver plotted against time in 
minutes after anesthesia. A somewhat lower level of 


28 50 
MINUTES AFTER ANESTHESIA 
Fig. 2.—Effect of Ambodryl® on disappearance of 


pentobarbital from liver. , controls; 


Ambodryl®. 
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pentobarbital in the livers of the experimental ani- 
mals would appear to be the logical result of a drain 
on any barbiturate reservoir by the brain. How- 
ever, this difference was neither striking nor con- 
sistent throughout the duration of anesthesia. At 
the same time it must be kept in mind that the ani- 
mals were assuredly not always on the same physio- 
logical plateau. 


4 4 4 

70 20 30 4 50 60 70 

MINUTES AFTER ANESTHESIA 

Fig. 3.—Pentobarbital levels in brain with and 

without Ambodryl®. , controls; 
Ambodry]l®. 


The Effect of the Antihistamines on the Concen- 
tration of Pentobarbital in the Brain.—In this ex- 
periment the entire brain was removed for analysis. 
The results are shown in Fig. 3. It would appear 
that the idea of increased rate of entrance of pento- 
barbital into the brain is borne out by these results. 
The concentration of pentobarbital into the brain is 
substantially higher at every time period from onset 
of anesthesia until the waking point at which time 
the concentrations were the same in both the control 
group and the experimental group. The mechanism 
of this enhanced entrance of the brain by pento- 
barbital would possibly have to be sought on an en- 
zyme level. 

Antihistamines and Enzymes.—Numerous re- 
ports have appeared indicting the antihistamines as 
disturbers of enzyme systems. The possibility of 
these actions being related to the central nervous sys- 
tem action of the antihistamines might well be kept 
in mind. Kreckowa (17) reported the antihistamines 
as effectively blocking the decarboxylation of pyru- 
vate in vitro and also found the antihistamines in- 
creased the amount of pyruvic acid in the rabbit 
brain im vivo. Hubbard and Goldbaum (18) also 
found inhibition of pyruvate oxidation produced by 
pyribenzamine. Tickner (19) claims Benadryl®, 
Pyribenzamine®, Thephorin®, and Phenergan® 
block amine oxidase. Carlisle and Crescitelli (20) 
found Benadryl®, Pyribenzamine®, and Histadyl® 
were capable of selectively inhibiting the oxidation 
of /-glutamate while not interfering with glucose 
oxidation. All these facts are highly suggestive of 
some interference with carbohydrate metabolism of 
the brain and parallel some of the actions common 
to other hypnotics. While not a final answer to the 
mechanism of the depressant action of the anti- 
histamines, they deserve further scrutiny. 
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SUMMARY 


1. Out of a total of twenty-two trials of 
comparing the sleeping times of animals injected 
with pentobarbital alone with sleeping times of 
animals injected with both pentobarbital and 
antihistamine only on three occasions did the 
sleeping times of the controls exceed those of the 
experimentals. 

2. From the results of this investigation there 
is apparently no connection between incidence of 
clinical depression and the ability to modify the 
response to pentobarbital. 

3. Ambodryl® injected thirty minutes prior 
to the administration of pentobarbital in rats 
produces a significantly higher concentration of 
pentobarbital in the grain than when the anes- 
thetic is given alone. 

4. Ambodryl® produces no significant effect 
upon the rate of disappearance of pentobarbital 
from the liver in rats. 

5. The results of this work indicate that 
there must be a critical concentration of pento- 
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barbital in the blood before the altered response 
produced by the antihistamines can be shown. 
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Preliminary Studies Concerning the Lyophilized 


Water-Soluble Extracts of Digitalis purpurea L. 
and Digitalis iutea L.* 


By F. P. COSGROVE} and E. P. GUTH{ 


A method for 


and Digitalis lutea L. has been described 
soluble in water, lend themselves readily to the extemporaneous pre 
Preliminary tests on the extracts stored approximately sixty days indicate 


infusions. 


paring lyophilized water-soluble extracts of Digitalis purpurea L. 


The extracts which are instantaneously 
tions of 


that apparently the powders are stable and have potencies comparable with tinctures 


pre 


from corresponding samples when equal concentrations are compared. 
F 


urther studies concerning these extracts are now in progress. 


De. INFUSION has been a favorite form 

of digitalis medication among many physi- 
cians since its introduction to medicine in 1785 
by Withering. While many investigators have 
found that the infusions of digitalis are prone to 
rapid decomposition, Weiss and Hatcher (1) 
found that their infusions represented more 
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completely the potency of the digitalis leaves 
than did the tinctures. 

Pomeroy and Heyl (2) studied the relative 
activity of the tinctures and infusions of equal 
concentrations and found infusions to be slightly 
less active than tinctures. This difference 
could be due to extraction factors, for Vartiainen 
and Yrjo (3) showed that one per cent infusions 
represented a greater percentage potency of the 
leaves than ten per cent infusions. 

It was felt that if a stable water-soluble powder 
containing ingredients of the infusion could be 
made, some of the difficulties associated with the 
keeping qualities of the infusion might be reme- 
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TaBLe I.—MUILLIGRAMS OF EXTRACT PER MILLI- 
LITER OF INFUSION 
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Taste II.—Grycosmat CONTENT OF THE Ex- 
TRACTS® 


c =x 


Method of 
Drying 
Oven* 
Freeze- 
dried? 
Oven* 
Freeze- 
dried? 
Oven* 
Freeze. 
dried’ 
than by of the Stokes 
Model 2004-L. 


D. purpurea 
D. purpurea 


D. purpurea 
D. purpurea 


D. lutea 
D. lutea 


died. In order to obtain a water-soluble extract 


to which the pharmacist could extemporaneously 
add water and compound an infusion, the freeze- 
drying process was employed. 


EXPERIMENTAL 


The source, collection, and treatment of the ma- 
terial used in this study has been previously de- 
scribed (4). Lyophilized water-soluble extracts 
were prepared from oven-dried and lyophilized leaves 
of the following plants: Digitalis purpurea L., first 
and second year plants, and Digitalis lutea L., third 
year plants. 

Preparation of the Extracts.—To obtain the ex- 
tracts, 1.5% aqueous infusions of the leaves were 
prepared by the following modified N. F. method. 

Boiling distilled water, 900 ml., was poured over 
15.0 Gm. of pewdered digitalis, in a suitable vessel, 
the container was tightly covered, and the contents 
allowed to infuse for one hour ina warm place. The 
mixture was then filtered through paper and suf- 
ficient boiling distilled water passed over the residue 
to bring the total volume to one liter. The infusion 
was placed immediately into shallow dishes, stored 
in the freezing unit of the Stokes Freeze Drying 
Equipment, Model 2004-L until completely frozen 
and then lyophilized for twelve hours under a pres- 
sure of 250 uw and a temperature of less than 35°. 
The dried extract was stored in tightly stoppered 
bottles containing a small quantity of drying agent. 

The amount of extract per milliliter of infusion 
is given in Table I. 


Age of 

nt 
Sample in Vears 

D. purpurea 1 

D. purpurea 1 


D. purpurea 
D. purpurea 


D. lutea 
D. lutea 


* Analyses were made according to the modified Knudson- 
Dresbach Method (5) 
Oven-dried at 50° C. for thirty-six hours. 
e Lyophilized at 250 uw of pressure at a temperature of less 
than 35° C. |. A gaa of the Stokes Freeze Drying Equip- 
ment Model -L. 


Glycosidal Content of the Lyophilized Water- 
Soluble Extracts.-The total glycosides were de- 
termined by the modified Knudson-Dresbach 
method (5). A 5-ml. aliquot of an aqueous solution 
corresponding to a 10° infusion was used for each 
determination. Readings were made at 525 my 
in a 23-ml. absorption cel! with the aid of a Fisher 
electrophotometer. Results expressed as percent- 
age potency of reference standard are shown in 
Table II. 

Toxicity Tests.—The extracts in physiological 
salt solution corresponding to 1% infusions were 
tested for toxicity according to the cup infusion 
method (6). Results appear in Table III. 


DISCUSSION 


All the extracts were light-brown in color and dis- 
solved readily in water at 25°. Clear solutions 
could be obtained with concentrations as high as 
20°. Since the extracts were slightly hygroscopic, 
they were stored in tightly closed bottles containing 
a small bag of drying agent. When equal concen- 
trations are compared, our findings with the toxicity 
tests and colorimetric assays indicate that the po- 
tencies of the extracts compare favorably with the 
results obtained with tinctures made from corre- 
sponding samples (4). 


Sample 
D. purpurea 
D. purpurea 
D. purpurea 
D. 
D. lutea 
D. lutea 


* Oven-dried at 50° C. for thirty-six 


hours. 
6 = OM at 250 uw of pressure at a temperature of less than 35° C. by means of the Stokes Freeze Drying Equipment 


Model 2! 
© Times are in minutes. 


Age of Average 
Percent- 
age 
Potency 
of Refer- 
Method of No. of ence 
Drying Detns. Standard 
Freeze- Ss 124.1 
dried* 
2 Oven?” 4 83.5 
2 Freeze- 4 75.0 
dried* 
3 Oven? 6 126.5 
3 Freeze- 6 118.2 
dried* 
Tasce III.—Toxicity or Extracts ON Frocs 
Range of 
Systolic Time for 
Age of Plant Method of No. of Frogs Stoppage Systolic 
in Years Drying Used Times* Stoppage® 
1 oven? 15 21-48 31.5 
1 Freeze? 15 19-45 28.9 
2 Oven* 15 41-65 50.9 
2 Freeze” 15 30-66 50.3 
3 Oven* 14 24-54 42.4 
3 Freeze’ 14 20-60 40.4 
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While the toxicity tests show no significant dif- 
ferences in the potency with samples made from 
either the oven-dried or lyophilized material, the 
colorimetric determinations indicate notable differ- 
ences in the samples prepared from material dried 
by the two methods. Although it cannot be con- 
cluded, at present, whether the observations are due 
to differences in total glycosides, it seems possible 
in light of previous investigations (7, 8), that the 
differences may be due to variations of primary and 
secondary glycosides. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLITI, No. 5 
REFERENCES 


(3) Vartiainen, A., and Yrjo, A., Acta. Soc. Med. Fennicae 
Duodecin A., 19, (16) 1(1937). 
RY) Cosgrove, F., and Guth, E., Tus Jowrnar, 43, 90 
54) 


(5) Bell, F. K., and Krantz, J. C., Jr., J. Pharmacol. 
Exptl. Therap., 83, 213(1945). 

(6) Hiner, L. David, Am. J. Pharm., 3, 79(1939). 

(7) Bell, F. K., and Krantz, J. C., Jr., Tats Journar, 38, 
107(1949). 


. and Sellwood, E. B., 


be (8) Eastland, C. J., 
{ 2). 


J. Pharm. and Pharmacol., 4, 


Carbohydrate and Chlorophyll Content of Leaves of 
Digitalis purpurea L. and Digitalis lutea L. After 
Freeze-Drying and Oven-Drying* 


By F. P. COSGROVE} and E. P. GUTH? 


The sugar and chlorophyll content of alcoholic extracts of oven-dried and lyophil- 
ized leaves of Digitalis purpurea and ro lutea are reported. Freeze-drying 
preserves more total chlorophyll and chlorophyll “a” than oven-drying. Little 
difference in chlorophyll “b” was observed with material dried by either method. 
Oven-drying increases the amount of sugars extracted with alcohol U. S. P. from 
Digitalis lutea. Freeze-drying does not have any more effect than oven-drying on the 
amount of carbohydrate material extracted with alcohol U. S. P. from Digitalis 
purpurea. 


N A PREVIOUS REPORT (1) it was shown that 

some differences occurred in the total gly- 
cosides of extracts prepared from oven-dried and 
lyophilized leaves of Digitalis purpurea L. and 
Digitalis lutea L. This paper deals with the 
carbohydrate and chlorophyll content of the 
leaves of the same species of Digitalis. 

Chambers and Nelson (2) in their work on 
Belladonna leaves, reported that oven-drying 
caused more proteolysis than freeze-drying; 
therefore, it was of interest in this investigation 
to determine if oven-drying at 50° would alter 
other cellular materials of the leaf such as carbo- 
hydrates and chlorophyll. It has been pointed 
out with leaves undergoing proteolysis that 
chlorophyll disappears to the same extent as the 
chloroplastic proteins (3). This is in accordance 
with Chambers and Nelson who found less 
chlorophyll in the oven-dried samples. 
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EXPERIMENTAL 


A description of the collection, treatment, and 
storage of the raw material has been previously re- 
ported (1). The oven-dried and lyophilized leaves 
of the following plants were used in this study: 
Digitalis purpurea L., first and second year plants, 
and Digitalis lutea L., second and third year plants. 

Distilled water, 25 ml., was added to a 200-mi. 
aliquot of the total alcoholic extract and the alcohol 
evaporated on a steam bath. The aqueous con- 
centrate was transferred to a 200-ml. volumetric 
flask and the gummy precipitate thoroughly washed 
into the flask with distilled water. Ten milliliters 
of a saturated solution of neutral lead acetate was 
added to precipitate the tannins, phenols, and other 
possible interfering substances. The mixture was 
shaken, made to volume with distilled water, thor- 
oughly mixed, and filtered through dry filter paper. 
The first 10 ml. of the filtrate was discarded because 
of possible adsorption of the sugars on the dry filter. 
To precipitate the excess lead acetate, solid anhy- 
drous sodium carbonate was added to the filtrate. 
The mixture was thoroughly mixed and filtered 
through dry filter paper. The first 10 ml. of filtrate 
Was again discarded. 

In order to bring about hydrolysis, a 50-ml. ali- 
quot of the filtrate, 5 ml. of 36% hydrochloric acid, 
and 25 ml. of distilled water were placed into a 100- 
ml. volumetric flask and hydrolyzed at room tem- 
perature for fifteen hours. The mixture was neu- 


(1) Weiss, S., and Hatcher, R., J. Am. Med. Assoc., 76, 
508(1921) 
(2) Pomeroy, C., and Hey!, F., Am. J. Pharm., 92, 394 
(1920) 
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tralized with solid anhydrous sodium carbonate, 
diluted to volume, and thoroughly mixed by shaking. 

The determination for total sugar was carried 
out on a 5)-ml. aliquot of the neutralized sample 
according to the Munsen and Walker method (4) 
using potassium permanganate to titrate the cuprous 
oxide. The results calculated as dextrose are given 
in Table I. 


TABLE |.—-PERCENTAGE OF SUGAR CALCULATED AS 
DEXTROSE 


D. purpurea 
D. purpurea 


D. purpurea 
D. purpurea 


D. lutea 
D. lutea 


D. lutea 
D. lutea 


@ Oven-dried at 50° C. for thirty-six hours. 
pressure at a temperature of less 
A of the Stokes Freeze Drying Equip- 


L ows at 250 » of 
than 35° C 
ment Model 2 


Chlorophyll ition.—The content of total 
chlorophyll, chlorophyll “A” and chlorophyll “B” 
was determined according to the A. O. A. C. method 
(5). Spectrophotometric readings were made by 
the use of the Beckman D. U. Spectrophotometer. 
The percentage of total chlorophyll, chlorophyll 
“A” and chlorophyll “B" was calculated on the dry 
weight basis of the leaves. Results appear in Table 


TABLE II.—PERCENTAGE OF CHLOROPHYLL 
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philized products. While there is a possibility that 
the increase in sugar is due to the extraction of more 
total glycosides, the colorimetric assays previously 
reported (1) do not indicate that such a positive 
relationship definitely exists. If such a great dif- 
ference in total sugars was due to more glycosides 
being present in the alcoholic extracts of the oven- 
dried leaves of Digitalis lutea, it appears that a 
greater difference in the glycosidal content of these 
extracts should have been found with the colori- 
metric assays. 

Since oven-drying at 50° causes proteolysis in 
leaves, it may be possible that this method of drying 
could alter the cellular or nonglycosidal sugars of 
the leaves of Digitalis lutea in such a manner that 
they are more readily soluble in alcohol. Further 
studies concerning this phase of the problem are now 
in progress. 

An attempt was made to determine the sugar 
content of the aqueous extract from the marc of the 
alcoholic extraction, but the percentage of sugar 
was so small that reproducible results could not be 
obtained. 

Since leaf material was limited, chlorophyll de- 
terminations were run in duplicates. These results 
indicate that lyophilization preserves more total 
chlorophyll than oven-drying. This is in accord- 
ance with the results obtained by Chambers and 
Nelson (2) with Belladonna leaves. 

Although data are limited, there seems to be a 
striking similarity between the sugar content and 
the total chlorophyll. Samples having no signifi- 
cant differences in total sugars showed only a slight 
difference in total chlorophyll while those possessing 
a great difference in total sugars had similar differ- 
ences in total chlorophyll. 

The present data do not indicate any absolute 
relationship between the sugar content and the pre- 
viously reported total glycosides as determined by 
the modified Knudson-Dresbach method (6). 


SSSsssss 


Chlorophyll 
oroph 


0.34 
0.36 
0.22 
0.29 
0.28 
0.38 
0.30 
0.37 


®@ Oven-dried at 50° C. for thirty-six hours. 


6 wena at 250 w of pressure at a temperature of less than 35° C. by means of the Stokes Freeze Drying Equipment 


DISCUSSION 


Some variations of the sugar content were ob- 
served in the extracts studied. Sanyples prepared 
from the oven-dried and lyophilized leaves of 
Digitalis purpurea L. showed no significant differ- 
ences in sugar content, while it was found that ex- 
tracts prepared from the oven-dried leaves of 
Digitalis lutea contained considerably more sugar 
than those prepared from the corresponding lyo- 
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* Age of Number 
Plant Method of Average 
in of Determin- Percent- 
Sample Years Drying ations age . 
P| 1 Oven* 4 7.62 
1 Freeze- 3 7.72 
dried’ 
2 Oven" 6 5.37 
dried? 
P| 2 Oven* 6 11.24 
2 Freeze- 7 6.91 
dried” 
3 Oven" 7 11.93 
3 Freeze- 6 7.93 
dried” 
Il. 
Sample in Years Method of Drying tions Chlorophyll | we 
Oven* 2 0.64 0.18 
Freeze-dried? 0.69 0.20 
Oven® 0.50 0.17 
Freeze-dried’ 0.56 0.17 
Oven* 0.54 0.16 
Freeze-dried’ 0.69 0.19 
Oven* 0.59 0.18 
Freeze-dried’ 0.71 0.20 


Observations on the Metabolism of Alcohol* 


By LOUIS C. SCHROETER and ARTHUR G. ZUPKO} 


The effect of ethanol on the in vitro de 
trate content is presented 


ition of cholesterol and on the kidney ci 
The rate of disappearance of ethanol from the blood of 


rabbits is accelerated by the administration of adenosine ae me gy or fructose, 
admini 


but not by the 


HE EFFECT of various substances on the me- 

tabolism of ethanol has been the subject of 
many investigations, but comparatively few 
studies have been done which attempt to explain 
the underlying mechanisms involved. The physio- 
logical effects of ethanol in man are not fully 
understood, especially the role of ethanol in 
various disease states and the manner of toxic 
effect production. 

Lester and Greenberg (1) observed that a low 
incidence of arteriosclerosis occurred in alcoholics. 
Recently Mallov and Tepperman (2) advanced 
the hypothesis that ethanol produces its toxic 
effect by interfering with the normal operation 
of Krebs’ cycle. These reports led us to inves- 
tigate the effects of ethanol on cholesterol deposi- 
tion and to endeavor to substantiate the Mallov- 
Tepperman hypothesis. In addition, prelimi- 
nary studies were undertaken to ascertain the ef- 
fect upon the rate of oxidation of ethanol by se- 
lected substances, including a sugar, a phosphate 
donor, an antihistamine, an anticholinergic, and 
a hypnotic. 


EXPERIMENTAL 


Methods.—The effect of ethanol on the deposi- 
tion of cholesterol was studied by Bjorksten’s 
method (3), which demonstrates that, in vitro, 
the intima of fresh hog aorta may be made to adsorb 
and retain cholesterol from a carbon-pigmented 
aqueous cholesterol suspension. The effect is 
produced by treatment with certain cross-linking 
agents of which lead acetate is one of the most ef- 
ficacious. Fifteen fresh hog aortas! were slit open 
and round test sections of 7 mm. diameter were 
punched out of each aorta by means of a cork borer. 
Sections from the 15 aortas were divided into three 
equal groups. Group A was used to test the effect 
of pretreatment with ethanol by placing the aortas 
into 0.47, 0.94, 1.7, 4.5, and 30% ethanol solutions 
for four to five hours. Group B and C served as 
controls, the sections being placed into water for a 
period of four to five hours. After the pretreat- 
ment, all sections were removed from the solutions 
and washed twice with a shaking machine. Sec- 
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tions from groups A and C were then placed in a 
3% lead acetate solution for twenty-four hours; 
those of group B were placed in water for twenty- 
four hours. All test sections were then immersed 
in the cholesterol suspension for fifteen minutes, 
after which they were washed twice by placing them 
in distilled water and shaking by machine. The 
sections which had been in contact with the lead 
acetate solution showed heavy cholesterol deposits; 
those which were not treated with lead acetate failed 
to show any deposits after washing. The presence 
or absence of cholesterol deposition was determined 
by visual examination; sections which adsorbed 
cholesterol appeared black as a result of the carbon 
inside the suspended cholesterol particles. 

The method of Mallov and Tepperman (2), in 
which the kidney citrate content of normal and in- 
toxicated rats was determined, was employed for 
the investigation of the effect of ethanol on Krebs’ 
cycle. Adult male rats of the Anheuser-Busch 
strain were divided into six groups. Group A con- 
sisted of six rats which served as controls. Groups 
B, C, D, E, and F consisted of three rats each, all 
of which were fed by stomach tube. Group B re- 
ceived 7 cc. of 50% ethanol, Group C 7 cc. of 50% 
ethanol and 1 Gm. of glucose, Group D 7 cc. of 50% 
ethanol and 1 Gm. of fructose, Group E 1 Gm. of 
glucose, and Group F 1 Gm. of fructose. Forty- 
five minutes after administration of the materials 
under test, the rats were decapitated and samples 
of the kidneys were analyzed for citrate content by 
a modification of the method of Ettinger, et al. (4). 
This method is a simplified procedure for the oxida- 
tion and bromination of citric acid to pentabromo- 
acetone. The pentabromoacetone is reacted with 
alkaline pyridine to give a colored reaction product. 
The modification consisted of pipetting an aliquot 
of the pyridine after centrifugation into a micro- 
cuvette and determining the optical density at 530 
my in the Coleman spectrophotometer. 

In order to investigate the effects of different sub- 
stances on the oxidation rate of ethanol, it was neces- 
sary to prepare normal alcoholaemic curves. Four- 
teen rabbits were used for this purpose. Seven 
rabbits were fasted for twenty-four hours, ethanol 
being administered intravenously as a 25% solution 
in a dose of 0.75 Gm./Kg. Thirty minutes after 
the administration of the ethanol and at intervals 
of thirty to sixty minutes for three hours thereafter, 
blood samples were taken from the marginal ear 
vein for analysis. The determination of blood 
ethanol was made by a modification of the method of 
Johnston and Gibson (5). In this method, the 
ethanol is distilled into dichromate solution, sulfuric 
acid is introduced through the reflux tube for the 
oxidation. The modification employed consisted 
essentially of the titration of the excess dichromate 
with ferrous ammonium sulfate titrant and the de- 
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termination of the end point of the reaction with 
the Fisher Electric Eye Titrimeter. The same dose, 
concentration of ethanol, and analytical technique 
were employed throughout this study. Four fasted 
rabbits were administered ethanol orally in the same 
dose and concentration by means of a stomach 
tube. Three nonfasted rabbits were administered 
ethanol intravenously for the purpose of comparing 
both the effect of feeding and of the methods of ad- 
ministration. 

Twenty adult fasted rabbits were used to study 
the effects of different substances on the oxidation 
rate of ethanol. Five rabbits were administered 
ethanol intravenously followed by the intravenous 
administration of fructose in a dose of 1 Gm./Kg. 
Two rabbits were administered ethanol and fructose 
orally. Both solutions were administered in the 
same dosage as was employed for intravenous ad- 
ministration. Adenosine triphosphate was ad- 
ministered as a solution of the sodium salt simul- 
taneously with ethanol to five rabbits. Three rab- 
bits received 32 mg. and two rabbits received 5 and 
13 mg. of sodium ATP respectively. Chlor-Trime- 
ton® maleate was administered to four rabbits. 
One rabbit received 50 yg. intravenously fifteen 
minutes after the administration of the ethanol. A 
second rabbit received 50 yg. intravenously ten 
minutes before the administration of ethanol. 
The third and fourth rabbits received 300 ug. and 
600 yg. intramuscularly thirty and fifteen minutes 
before the administration of ethanol intravenously. 
Pro-Banthine® was administered to two rabbits in 


TasLe I.—Errect oF ETHANOL ON CHOLESTEROL 


DEPOSITION 

Acetate* Color 

3% After 
Pretreatment Solution Washing 

1 a 0.47% Ethanol 4 hr. 24 hr. Black 
6 Water 4 hr. 6 White 

¢ Water 4 hr. 24 hr. Black 

2 a 0.94% Ethanol 5 hr. 24 hr. Black 
6b Water 5 hr. ee White 

c Water 5 hr. 24 hr. Black 

3. a 1.7% Ethanol 5 hr. 24 hr. Black 
6 Water 5 hr. White 

c Water 5 hr. 24 hr. Black 

4 a 4.5% Ethanol 4 hr. 24 hr. Black 
b Water 4 hr. White 

c Water 4 hr. 24 hr. Black 

5 a 30% Ethanol 5 hr. 24 hr. Black 
6 Water 5 hr. , White 

c Water 5 hr. 24 hr. 


“ After treatment with lead acetate solution, all test sec- 
tions were immersed in the chol ol pensi ‘or fifteen 
minutes. 

+ All group 6 test sections were placed in water for twenty- 
four hours. 
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a 5-mg. and 10-mg. intravenous dose eighteen 
minutes before the administration of ethanol intra- 
venously. Dormison® was administered in a 10- 
mg. dose to two rabbits after they had received 
ethanol intravenously. 


RESULTS 


Effect on Cholesterol Deposition.—The effect of 
ethanol on the deposition of cholesterol is shown in 
Table I. Pretreatment of sections of hog aorta by 
immersion into 0.47, 0.94, 1.7, 4.5, and 30% ethanol 
solutions did not affect the deposition of cholesterol. 
Bjorksten (3) originally suggested that the mecha- 
nism of the in vitro cholesterol deposition is due to the 
cross-linking of the protein in the intima, but later 
stated that the primary effect probably is precipita- 
tion of the protective colloid and that the cholesterol 
comes out with this (6). Carboxy methylcellulose 
serves as the protective colloid for the pigmented 
cholesterol suspension. In preliminary experiments 
with this method we found that methylcellulose 
solutions would not give the desired effect thus indi- 
cating that the protective colloid played an impor- 
tant part in the mechanism of action. 

Effect on Kidney Citrate Content.The effect of 
ethanol on the kidney citrate content of rats is 
shown in Table II. Supernormal citrate concen- 
trations were found in the kidneys of rats which 
had received ethanol, ethanol and glucose, or ethanol 
and fructose. The values presented for both con- 
trol and ethanol-intoxicated rats are somewhat 
lower than the corresponding values presented by 
Mallov and Tepperman (2). 

Effect on Ethanol Metabolism.—The rates of dis- 
appearance of ethanol from the blood of 34 rabbits, 
14 of which were controls, are shown in Table III. 
The values are presented as the mean and the range 
of the decline of blood ethanol expressed as mg. per 
100 ce. per hour. After distribution of ethanol was 
complete, the elimination of ethanol from the blood 
approximated a linear function in all cases. With 
the exception of adenosine triphosphate and fruc- 
tose, none of the substances investigated showed 
any significant acceleration of ethanol metabolism 
under the experimental conditions described. It 
should be pointed out that the results presented are 
only preliminary data. A more complete study of 
these and other agents is in progress. 


DISCUSSION 


Deposition of cholesterol in the arteries has been 
shown to play an important part in the development 
of arteriosclerosis. The observation of a low inci- 
dence of arteriosclerosis in alcoholics suggested an 


I].—Errect oF ETHANOL ON KipNgEY CITRATE CONTENT 


Drugs Number of Wet Kidney, ug.* 
A Control 6 26.0 S. E. 3.7 
B Ethanol 3 55.3 S. E. 1.8 
C_ Ethanol and glucose 3 51.4 S. E. 5.0 
D Ethanol and fructose 3 53.4 S. E. 3.1 
E Glucose 3 28.1 S. E. 2.9 
F Fructose 3 27.4 S. E. 3.3 


Citrate Content per Gm. 


* All values presented are mean values for duplicate determinations of kidney citrate content of each animal. 
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III.—Rare or DisappEARANCE OF ETHANOL 
FROM THE BLOop oF RABBITS 


Method 
of Nu 
Ethanol ber 
Ad- f 


minis- 
Drug and Dosage tration mals 
Control (fasted) 
Control (nonfasted ) 
Control (fasted ) 


Fructose, | Gm./Kg. 


19 (16-23 
25 (14-33) 
22 (16-27) 


7 
3 
4 
i. Vv. 5 35 (28-44) 
Fructose, | Gm./Kg. 
oral 2 
Na ATP, 5 mg. i. v. 1 
Na ATP, 13 mg. i. v. 1 
Na ATP, 32 mg. i. v. 3 
Chlor-Trimeton®, 
5O wg. i. v 
Chlor-Trimeton®, 
300 yg. im. 
Chlor-Trimeton®, 
600 yg. i. m. 
Pro-Banthine®, 5 
mg. i. v. 
10 
mg 
Dormison®, 10 mg. 


33 (32-35) 
28 


30 
37 (31-42) 


24 (22-27 


I. v. 1 
10 mg. 
i m. I. v. 1 
* Calculated frow camples ‘taken one hour after adminie- 
tration of ethanol to allow for tissue distribution. 
Values not in parentheses represent mean decline of 
bloed ethanol in all animals. Figures in parent repre- 
sent the range. 


investigation of the effects of ethanol on the in vitro 
adsorption of cholesterol by fresh hog aortas. We 
were unable to demonstrate that ethanol prevented 
in vitro adsorption of cholesterol by fresh hog aortas. 
It is apparent that further studies of the effect of 
ethanol on cholesterol deposition are needed. Jn 
vivo experimentation involving the maintenance of 
significant numbers of experimental and control 
animals on a cholesterol-ethanol diet for a long 
period would doubtlessly give much needed infor- 
mation. 

Ethanol is known to be metabolized mainly in the 
liver in two stages; vis., oxidation to acetaldehyde 
which is then further oxidized to acetic acid. The 
kidneys and other tissues play a relatively insignifi- 
cant role in these steps. The acetate formed in the 
oxidation is either oxidized to carbon dioxide or 
utilized as is the acetate from other metabolites. 
Masoro and Abramovitch (7) reported that the 
kidneys surpass the liver in the rate of oxidizing 
ethanol to carbon dioxide. This may be a possible 
factor in the increased citrate levels found in the 
kidneys and spleen, but not the liver of ethanol- 
intoxicated rats. Unquestionably there are far 
more important factors involved. 

The rate of metabolism of ethanol is not changed 
by many substances nor affected by many varied 
conditions. In our preliminary studies we found 
that adenosine triphosphate and fructose acceler- 
ated ethanol metabolism under the experimental 
conditions described. The use of adenosine tri- 
phosphate in this study was based on its involvement 
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in carbohydrate metabolism. The nucleotide acts 
either as a phosphate donor or acceptor at almost 
every stage of this process (8). The acceleration 
of the oxidation rate of ethanol by fructose has been 
reported by several investigators (9-11). These 
investigators concluded that the faster disappear- 
ance of ethanol from the blood after the administra- 
tion of fructose was the result of acceleration of its 
oxidation by pyroracemic acid (pyruvic acid). 
Jacobsen (12) pointed out that the effect of pyruvate 
on the metabolism of ethanol is controversial and 
that im vitro data on the reaction between ethanol 
and pyruvate and the kinetics of the process are 
necessary to explain the effect. Insulin and glucose 
have also been reported as accelerators of ethanol 
metabolism (13, 14); others claim these substances 
have no such effect (15, 16). It is apparent that 
considerable controversy exists as to the mechanisms 
involved in the effect of these substances on ethanol 
metabolism. 


SUMMARY 


1. Pretreatment of sections of hog aorta by 
immersion into ethanol solutions does not affect 
the deposition of cholesterol. 

2. Supernormal citrate concentrations are 
found in the kidneys of rats which have received 
ethanol, ethanol and glucose, or ethanol and fruc- 
tose. 

3. The rate of disappearance of ethanol from 
the blood of rabbits is not affected by the admin- 
istration of Chlor-Trimeton®, Pro-Banthine®, 
or Dormison®, but is accelerated by the adminis- 
tration of adenosine triphosphate or fructose. 

4. Many aspects of ethanol metabolism are 
little understood and warrant further investiga- 
tion. 
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A Potentiometric Method of Assay for Sodium 


p-Aminosalicylate (Sodium PAS)* 


By J. RICHARD STOCKTON} and RICHARD ZUCKERMAN} 


A potentiometric assay procedure for sodium p-aminosalicylate (sodium PAS) and 
its solutions is presented. The salt is titrated with perchloric acid in propylene 
glycol and isopropyl alcohol. A reference standard p-aminosalicylate is not re- 
quired. The method also a determines the extent of decomposition 


HERE ARE AVAILABLE for determination of p- 

aminosalicylic acid (PAS) several methods 
which involve measurement of the phenolic hy- 
droxyl and aromatic amino functions (1-6). The 
acid may also be directly titrated with alkali or 
dissolved in alcohol and determined potentio- 
metrically with alkali. These latter methods, 
like the decarboxylation procedure of Ober- 
weger, et al. (7), and the extraction procedure of 
van Steenbergen (8), possess some advantage by 
virtue of their dependence upon the carboxyl 
group, the function most readily lost during 
storage of PAS and its aqueous solutions: 


COOH 
(| H YOH 
= + CO, 
\ | 
NH, NH, 


While the sodium salt of PAS may be deter- 
mined more or less precisely by some of the pro- 
cedures dependent upon the phenolic and amino 
functions, quantitative analysis of sodium PAS 
and its solutions by titration with aqueous acids 
is not satisfactory; yet, measurement of the 
carboxylic function of sodium PAS is pertinent 
to studies of drug purity and stability. Conse- 
quently, the method of Palit (9) employing spe- 
cial solvent mixtures was applied to sodium PAS 
and proved to be suitable for determining not 
only the actual PAS content but also the extent 
of decomposition to m-aminophenol (and sodium 
bicarbonate) : 


COONa 


L | + HO = 


NH: 
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ium salt. 


The method also was found applicable to aque- 
ous solutions of sodium PAS (such as injectable 
preparations) as well as to the hydrated or an- 
hydrous salts. Indeed, in practice the inclusion 
of an aqueous component appeared to improve 
the precision of the method and was incorporated 
into the standard procedure. 


EXPERIMENTAL 


Procedure.—The sodium PAS or its aqueous solu- 
tion is diluted with distilled water so that a 5-cc. 
aliquot contains about 2 meq. To 5 cc. of this 
solution in a beaker is added 10 ce. of a 1:1 (by 
volume) mixture of ethylene glycol and isopropyl 
alcohol. Into the liquid in the beaker are inserted 
a stirrer and the shielded electrodes from a standard 
pH meter (a Beckman Model G instrument was 
used in this study). While the mixture is thor- 
oughly stirred, 0.4 to 1.0 N perchloric acid in ethyl- 
ene glycol and isopropyl alcohol (1:1) is added in 
small amounts from a 2-cc. or 5-cc. microburet, the 
pH meter reading being recorded after addition of 
each increment. About 2-5 cc. of the acid is suf- 
ficient to complete the titration. Typical data are 
presented graphically in Fig. 1. 

Aged solutions of sodium PAS presented data con- 
spicuously different from fresh solutions of the salt 
(cf. Figs. 1 and 2). 


pH METER READING 


10 2.0 3.0 
CC. PERCHLORIC ACID 
Fig. 1.—Titration curve for Sodium PAS. A 
5.00-ce. aliquot of a solution containing 8.444 Gm. 
sodium PAS dihydrate/100 cc. was titrated with 
0.795 N perchloric acid. 
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pH METER READING 


° 1.0 2.0 3.0 
CC. PERCHLORIC ACID 


Fig. 2.Sample titration curve for aged aqueous 
solution of sodium PAS. 


The known components of decomposed solutions 
(m-aminophenol and sodium bicarbonate) were ti- 
trated separately and in mixtures containing sodium 
PAS and equimolecular quantities of sodium bicar- 
bonate and m-aminophenol (Fig. 3). A titration of 
sodium salicylate was also included for comparison. 


Rome 


ao” 


pH METER READING 
° 


2.0 3.0 
CC. PERCHLORIC ACID 

Fig. 3.—Titration curves for sodium bicarbonate, 
m-aminophenol, a simulated aged solution of sodium 
PAS and sodium salicylate. Curve 1—sodium bi- 
carbonate. Curve 2—m-aminophenol. Curve 3— 
mixture of 1.8 meq. sodium PAS, 0.2 meq. sodium 
bicarbonate, 0.2 meq. m-aminophenol. Curve 4— 
sodium salicylate. 


Color is not a reliable indication of decomposition 
in solutions of sodium PAS. Antioxidants may sup- 
press discoloration without preventing decomposi- 
tion to m-aminophenol and sodium bicarbonate. 
The potentiometric method is particularly useful 
for detecting such decomposition and for measuring 
the extent of decomposition. 

Sodium p-aminosalicylate dihydrate from several 
manufacturers, both domestic and foreign, and many 
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different batches, as well as anhydrous sodium p- 
aminosalicylate prepared by heating PAS with 
sodium ethoxide in anhydrous ethanol and by lyo- 
philizing solutions of sodium PAS, have been ti- 
trated. The close similarity of these data rendered 
individual presentation in this report unnecessary. 

The potentiometric method was also found appli- 
cable to determination of sodium PAS in tablets and 
granules and in mixtures with streptomycin and 
dihydrostreptomycin. The dihydrostreptomycin 
salt of PAS was titratable. 

Calculation and Interpretation of Results. 
Examination of the data in Table I and the graphs 
in Figs. 1, 2, and 3 reveals a single inflection point 
for the pure substances titrated and an additional 
point of inflection for the aged solution of sodium 
PAS and for the mixture of sodium PAS with its 
decomposition products. These end points, except 
in the case of sodium bicarbonate and other un- 
neutralized alkali, are not sufficiently well defined 
to be determined accurately by inspection. How- 
ever, the point of inflection may be readily obtained 


TABLE I.—DETERMINATION OF END PoINT 


c 


A pH/A ce. A? pH/A ce? 


+80 
+40 
+110 
+60 
— 150 


—60 


2 

2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2 


| 
| 


Tas_e or TypicaL TITRATIONS 


Caled., 
Product 
. NaPAS-2H.,0 
. Mixture repre- 
senting 10% 
decom posi- 


tion 
NaPAS-2H,0 
NaHCO, 
m-Aminophenol 


Found, meq. 


meq. 
2.00 2.01 1.99 


1.81 
0.184 
(0. 184) 


9.3% 
2.14 
2.00 


1.80 
0.192 
(0.192) 


9.7% 


0.98 


maining ) 
Original NaPAS 
%  decomposi- 
tion 
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6.0 
6.0 
40 
2.0 
: 
pH 
4.20 
11 
4.09 
19 
3.90 
6.0 : 3.67 
3.33 
40 
2.93 
25 
» 2.68 
\ 19 
Ke 
= 
2 
1.80 
0.20 
0.20 
%  decomposi- 
tion 10% m7 
3. m-Aminophenol 2.16 
2.05 
4. Sodium bicarbon- 
ate 1.00 iz 0.99 
5. Aged __ solution 
NaPAS 
NaHCO, 0.129 0.120 
NaPAS (re- 
1.58 1.50 
7.8% 74% 
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by plotting the rate of change of pH with respect to 
ce. titrant added (A pH/A cc.) against cc. titrant. 
At the inflection point, A pH/A cc. approaches in- 
finity. 

A more satisfactory procedure is the “second 
derivative method”’ (10, 11), which involves plotting 
the second derivative (A? pH/A cc.?) against cc. 
and determining the point at which this function 
becomes equal to zero. In practice this point may 
be calculated rather than determined graphically 
by simply interpolating between the last positive 
value and the first negative value of A? pH/A cc.?. 
A sample calculation of an end point by this method 
may be made from the data in Table I, derived from 
the titration depicted in Fig. 1. The function 
A? pH/A cc.’ is the rate of change of A pH/Acc. with 
respect to cc. The value A? pH/A cc? = +60 
through the 2.45 to 2.55 cc. range is obtained from 
(40-34) /(2.55-2.45). Similarly, A? pH/A cc.? for 
the range 2.55 to 2.65 is equal to (25-40)/(2.65- 
2.55), or —150. Then, the point at which A? pH/A 
cc.? equals zero may be approximated by adding to 
the volume of 2.50 cc., at which A* pH/Acc.*? = 60. 
the increment (0.1 ce. X 60/(60 + 150) = 0.03). 
The end point thus obtained is 2.50 + 0.03, or 2.58 
ce. The same value is obtained by plotting A?* 
pH/A cc.* against cc. 

Some typical results obtained in the titrations of 
several of the products mentioned are presented in 
Table II. 

The data in Table II and the graphs of Figs. 1, 
2, and 3 demonstrate that m-aminophenol and 
sodium bicarbonate, as well as sodium PAS, are 
titratable and that the total number of equivalents 
of acid, 7, employed in a titration is the sum of the 
quantities corresponding to sodium PAS, P, m- 
aminophenol, M, and sodium bicarbonate, 5S: 


Since M = S, T = P + 2S. Furthermore, the 
amount of S is easily determined from the first sharp 
inflection, thereby permitting calculation of P: 


P =T — 2S. 


The actual calculation of (anhydrous) sodium PAS 
(mol. wt. 175) present in a sample aliquot may be 
accomplished with the formula: 

ce. acid total — 2 (ce. acid first inflection) 


1,000 x NX 


175 = Gm. sodium PAS 
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The p-aminosalicylic acid (PAS) content can be cal- 
culated by substituting the factor 153, the molecular 
weight of PAS, for the factor 175. Sodium PAS 
dihydrate is obtained with the factor 211. Per- 
centage decom, sition is calculated from the for- 
mula: 


ce. first inflection X 100) _ % tien 
ce. total — ce. first inflection ogy 


In the event that sodium bicarbonate and m- 
aminophenol do not occur in equimolecular propor- 
tions (as they do in the case of decomposition of 
sodium PAS), the method is obviously not appli- 
cable. 

The precision of the method is governed by those 
factors usually applicable in potentiometric pro- 
cedures and is diminished somewhat when the 
method is employed in examination of complex mix- 
tures. The precision obtainable is indicated by the 
data resulting from titration of weighed samples 
(Table IIT). 


Tas_e OF WEIGHED SAMPLES OF 
Soprum PAS Dinyprate 1.016 N acip 


NaPAS-2H;0 
Caled., 


Difference, 
Gm. % 


0.3295 —0.24 
0.3304 —0.18 
0.3297 —0.03 


(1) N., and Will, D. W., Am. Rev. 
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(2) Desbordes, J., aa Henry, J., Ann. pharm. frang., 6, 
98(1948). 

os. Klyne, W., and Newhouse, J. P., Lancet, 255, 611 
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(4) Marshall, E. K., Jr., Proc. Soc. Exptl. Biol. Med., 68, 
471(1948) 

(5) Tennent, D. M., and Leland, M. L., J. Biol. Chem., 
177, 873(1949). 

(6) Way, E. L., Smith, P. K., Howie, D. L., Weiss, R., and 
Swanson, R., Pharmacol. Therap. 93, 368(1948). 

(7) Oberweger, K. H., Sey E., and Simmonite, 
D., Quart. J. Pharm. i, 292(1948). 
van Steenbergen, H. A. Pharm. Weekblad, 84, 
97(194 
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(1946). 
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= 
Gm. ml. 
0.3303 1.537 
0.3310 1.541 
0.3298 1.538 
0.3300 1.538 
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The Influence of Experimental Hypo- and 
Hyperthyroidism on the Effects of Nostal", 
Thiopental Sodium, and Hexobarbital 


Sodium in the Adult Albino Rat* 


By HARALD G. O. HOLCK, IRA WM. HILLYARD,t+ and MARVIN H. MALONEt 


Hypothyroidism pootams by either feeding suitable concentrations of 1- 
thiouracil, or by t greatly increased the average recovery time 
male and female adult albino rats to Nostal®, thiopental sodium, and hexobarbital 
sodium. Thyroidectomy in male rats appreciably increased the incidence of acute 
deaths following Nostal.® The LD, of propylthiouracil injected intraperitoneally 
in a 5 per cent acacia suspension is 342 mg./Kg. No tolerance was bulk op to pro- 
pylthiouracil when low concentrations were fed in the diet for two weeks. Intra- 
peritoneal injection of propylthiouracil in acacia suspension one hour prior to Nos- 
tal® had no effect on recovery time or incidence of acute death. Delayed deaths 
occurred sooner. Hyperthyroidism produced by feeding effective concentrations 
of either thyroglobulin or thyroxin caused no consistent shortening of the avera 


recovery time from Nostal® and did not influence the incidence of either acute or 


layed death. 


Pevres studies indicate that hypothyroid- 

ism lowers the resistance to various drugs, 
such as chloroform and the ergot alkaloids (1-3). 
According to Monroe, such lowered resistance to 
chloroform in hypothyroid rats can be raised by 
preliminary feeding with a high carbohydrate or 
a high-protein diet (3). A marked increase in 
susceptibility to phenobarbital in the hyper- 
thyroid animal has been noted by Raventos (4) 
who kept his animals in a cold environment 
which presumably increased thyroid functions (5). 
However, Sure, et al. (6), have observed that the 
detoxification of nitrogenous compounds is in- 
creased in the thyrotoxic animals, which may 
indicate that such an animal can more efficiently 
detoxify those barbiturates which are mainly 
broken down in the body. Because the liver is 
involved in this detoxification, especially of 
Nostal® (isopropyl-befa-bromally! barbituric acid ; 
propallylonal) with which we are mainly con- 
cerned (7-9), and because hyperthyroidism may 
increase the liver metabolism, a faster rate of de- 
toxification might be anticipated in such a condi- 
tion. Also, because a greater female suscepti- 
bility to Nostal® has repeatedly been observed 
in our rat stock, and because Benedict and 
Macleod (10) have reported that female rats 
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have a 21 per cent lower basal metabolic rate 
than male rats, an investigation of abnormal 
thyroid function as it might affect the Nostal® 
response seemed promising. This barbiturate 
was chosen for the main study as it allowed re- 
cording not only recovery time from acute de- 
pression and the acute death rate, but also the 
number of delayed deaths and any alteration in 
sex variation (11, 12). 


EXPERIMENTAL 


General.—The rats used in this study were al- 
binos bred originally from Wistar stock. From the 
time of weaning until they were to be prepared for 
one of the major Nostal® experiments, they were fed 
Purina Laboratory Chow and water ad libitum. The 
temperature of the animal quarters was maintained 
at approximately 26°. Whenever a drug was fed 
to the rats in preparation for the major acute ex- 
periments, it was thoroughly admixed with powdered 
Purina Laboratory Chow by an electric stirrer. In 
the case of thyroxin and thyroglobulin administra- 
tion, involving an extremely small amount in pro- 
portion to the food, this drug was first thoroughly 
mixed by hand with aliquot proportions of lactose 
until a sufficient quantity of material had been pre- 
pared to insure proper mixing. The rats were re- 
moved from their cages and weighed just prior to 
administering the hypnotic in question. 

Shortly before administration, Nostal® was con- 
verted to Nostal® sodium by the addition of an ap- 
propriate amount of sodium hydroxide solution, and 
then adding sufficient boiled, distilled water to ad- 
just the final concentration to that employed in each 
test as shown in the tables. The animals were 
placed in individual cages and the laboratory tem- 
perature maintained at 25 + 0.5° during the acute 
depression period. Following administration of a 
barbiturate, a rat was considered to be asleep when 
the righting reflex had been abolished and the animal 
was lying quietly on its side. Recovery was con- 
sidered complete when a rat promptly retracted 
either hind leg from an extended position. In order 
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TABLE I.—TuHeE INFLUENCE OF FEEDING THREE CONCENTRATIONS OF PROPYLTHIOURACIL IN THE DIeT FOR 
TWENTY Days ON THE ACUTE AND DeLAayep Errects oF NostaAL® upoN ApULT MALE ALBINO Rats* 


Number Mg. Propyl- M Propyl- 
of Rats t thiouracil 


A 
B 


mg. of Nostal® per Kg. of body weight was administered intraperitoneally a 2% solution. 
> The propylthiouracil was thoroughly mixed with powdered Purina Laboratory C 
© These groups were reduced to 13, after one rat in each of groups A and C had died aeee the end of the feeding period. 


to record incidences of delayed death, each group of 
rats was observed for five days following the final 
administration of Nostal®. 

Experimental Hypothyroidism and the Effects of 
Nostal® and Thiopental upon the Adult Albino Rat. 
—In this phase of the study, two methods were 
employed to produce an experimental state of hy- 
pothyroidism, namely, (a) feeding of propylthioura- 
cil in the food for a suitable length of time, and (5) 
surgical removal of the thyroid gland. 

Propylthiouracil Hypothyroidism.—Two tests 
were carried out upon four and one-half to six and 
one-half month old male rats. In the first test a 
group of 56 rats was properly randomized into four 
smaller groups of 14 each, one of these groups serv- 
ing as a control. The concentrations of propyl- 
thiouracil fed the three test groups were 50, 100, 
and 200 mg., respectively, per Kg. of food. These 
concentrations were suggested by the work of Ast- 
wood, Bissell, and Hughes (13), and Vanderlaan 
and Bissell (14), to insure complete thyroid inhibi- 
tion. The various groups were fed the plain and 
medicated food for a period of twenty days, and 
then injected with 60 mg. of Nostal® per Kg. of 
body weight. This dosage in past experiments 
(9, 11, 15) had induced an average depression of ap- 
proximately two hours’ duration in normal male rats, 
usually without any incidence of acute deaths, and 
with delayed deaths ranging from 40 to 60%. 
During the twenty-day period the control animals 
gained 3.9% in body weight, and the three propyl- 
thiouracil groups lost 3.0, 3.8, and 4.7%, respectively. 
This cannot be explained as being due to a distaste 
for the medicated food, for the average daily food 
consumption was 64 Gm./Kg. of rat in the control 
group and 55, 57, and 63 Gm. per Kg. for the pro- 
pylthiouracil-fed groups, which probably became less 
active as thyroid hormone function diminished. 
That such decrease occurred is indicated by the fact 
that feeding the same concentrations of propyl- 


thiouracil in the subsequent thiopental tests reduced 
the oxygen consumption from 22 to 29% in sub- 
groups of three rats after nine to ten days of feeding 
this drug, as determined by a modified Haldane 
closed system method (16-18). 

Tbe results of the first test with Nostal® are sum- 
marized in Table I and show that the feeding of 
propylthiouracil in these concentrations increased 
significantly the recovery time (p < 0.001); the 
highest concentration was the most effective. No 
significant change was seen in regard to the inci- 
dence of acute death; the number of delayed deaths, 
always quite variable with Nostal® in small-sized 
groups, was too irregular to permit any definite 
conclusions. 

In the second experiment 40 mg./Kg. of thio- 
pental sodium was substituted for the 60 mg./Kg. 
of Nostal®. Twenty-four five to six month old male 
rats were divided into three groups of eight each. 
The two test groups were fed propylthiouracil con- 
centrations of 50 and 200 mg./Kg. of food, respec- 
tively, for twelve days, whereas the control group 
was given powdered food only. 

The results of this experiment are summarized in 
Table II. Although the average depression time 
was markedly increased by propylthiouracil feeding, 
the ¢-factors were smaller than in the case of Nostal® 
because we studied fewer rats and probably also 
because the medicated food was fed for only twelve 
days rather than for twenty days as in the case of 
Nostal.® However, because in each case p is less 
than 0.02 the difference is again significant. It 
should be noted here that the diminution of oxygen 
consumption when tested upon several rats from 
each group was fully as great with the low as with 
the high concentration of propylthiouracil after 
nine days of feeding. The premedication did not 
influence the incidence of acute death. In both the 
twelve- and the twenty-day feeding tests the rats 
gained in weight during the first week, but had be- 


TaBLe I].—-Tue INFLUENCE OF FEEDING PROPYLTHIOURACIL IN THE Diet FoR TWELVE DAYS ON THE 
Acute EFrects OF THIOPENTAL Sopium ADULT MALE ALBINO Rats" 


M 


M 


per per Kg. of 
Group Food 

A 8 Food only 
B 8 50 

x 200 


Group 


of Rats thiouracil thiouracil 
Eaten/Kg. 
of Rat/Day 


3.1 254 + 33.0 
13.4 


Average 
Recovery 
Time, 
Min. 
137 + 28.0 


2.70 (A vs. B) 


235 + 21.8 2.77 (A vs. C) 


~@ The propylthiouracil wa: was thor roughly: mixed — powdered Purina ‘Laboratory Chow; 40 mg. of thiopental sodium per 


Kg, of rat was injected intraperito’ ly as a 2° solution. 


One rat died acutely in this group; thus, the average recovery time is based on seven rats. 


Average 
Recovery Delayed 
Time ‘ Acute Delayed 
Group Group Food” Kg. per Day Min Factor Deaths Deaths 
| 13° Food Py 136 + 14.8 10.4 (A vs. D) 1/13 2/12 
only 
14 50 2.7 260 + 12.5 6.4 (A ws. B) None 7/14 
Cc 13° 100 §.7 264 + 13.6 6.4 (A vs. C) None None 
D 14 200 12.8 310 + 7.8 3.4 (B us. D) 3/14 1/11 
t 
= 


278 


gun to lose weight when weighed on the 12th and 
14th day, respectively, whereas the control animals 
grew progressively heavier. 

Control Experiments upon Propylthiouracil.— 
To make certain that the prolonged recovery time 
from Nostal® depression after the feeding of propyl- 
thiouracil was not due to synergism between the two 
drugs, the following experiment was undertaken. 
After preliminary toxicity studies, 39 male rats were 
divided into one group of three, and three groups of 
12 animals each. These groups were medicated as 
shown in Table III. 

In the group receiving propylthiouracil alone, 
characteristic tremors appeared, but no acute or 
delayed deaths occurred. In the acacia control 
group, the usual Nostal® depression was observed; 
no animals died acutely, but 58% died during the 
next four days. In the case of the rats premedicated 
with 100 and 200 mg. of propylthiouracil, 92% and 
83%, respectively, died within twenty-four hours, 
while only 16% of the acacia group died this soon. 
The average recovery times for the two propyl- 
thiouracil-treated groups did not differ significantly 
from that in the group receiving acacia only. 
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1:20,000 and 1: 10,000 propylthiouracil, respectively. 
At the end of fourteen days, the average weight of 
the rats in the control group had increased from 183 
to 186 Gm., whereas in the group on the lower con- 
centration of propylthiouracil it had decreased from 
189 to 187, and that on the higher concentration 
from 191 to 185 Gm. Each rat then was given a 
dose of 364 mg./Kg. of propylthiouracil, adminis- 
tered as a 4% suspension in 5% acacia solution, 
intraperitoneally. The fatalities were as follows 
for the three groups: 4/12, 8/11, and 4/12. Con- 
sidering the usual variations in mortality with 
small groups of animals, apparently the two-week 
feeding of low concentrations of propylthiouracil 
did not influence the resistance to a high dose of this 
drug. 
Propylthiouracil Effects Upon the Adult Rat Re- 
sponse to Hexobarbital.—The Nostal™ tests, to be 
discussed in the next section, indicated that the de- 
pression time of thyroidectomized male rats ap- 
proached that of the normal females. Conse- 
quently, an experiment was conducted to ascertain 
if a similar effect would be observed with hexobarbi- 
tal sodium (Sodium Evipal®) to which a much 


Tasie III.—-ComPparison OF RECOVERY TIME AND INCIDENCE OF ACUTE AND DELAYED DEATH FOLLOWING 
INTRAPERITONEAL INJECTION OF PROPYLTHIOURACIL ONE Hour PRIOR TO ADMINISTRATION OF NOSTAL® TO 
MAL_Le Rats* 


Number of Number 
Animals 
sed 


Medication 

200 mg./Kg. Propy!thiouracil 
alone’ 

5% Acacia prior to Nostal®* 

100 mg./Kg. Propylthiouracil 
prior to Nostai® 

200 mg./Kg. Propylthiouracil 
prior to Nostal®® 


Total Number 
Delayed Deaths 
Acute i 


163 (12) 
155 (11) 


173 (10) 


® The propylthiouracil was administered as a 2% suspension in 5% acacia solution in groups | and 4, and as a 1% suspension 


in acacia in group 3 


ce per rat of 5°% solution of acacia were injected intraperitoneally. 
heses the b 


4 Figures in parent 


Propylthiouracil Lethal Dose Determination. 
To determine the approximate LD of propyl- 
thiouracil, administered as a 4% suspension in 5% 
acacia solution, and to ascertain if any sex-variation 
existed, 35 five to eight month old female and 40 five 
to six month old male rats were randomized into 
eight groups. Starting with 286 mg./Kg. of pro- 
pylthiouracil, successive doses were increased by 
4.7%. Except in case of delayed death in one male 
rat, all fatalities occurred within 6.8 hours; this 
male showed mottled lungs and liver on post-mortem 
examination. There was no apparent sex variation 
and the LD» at 19/20 confidence limits, as deter- 
mined by the method of Litchfield and Wilcoxon 
(19), was 342 (327 to 358) mg./Kg. The unusual 
steepness of the curve is indicated by the value of 
1.108 (1.046 to 1.173) for S. 

Determination of Possible Development of Toler- 
ance to Propylthiouracil.—To determine if feeding 
of low concentrations of propylthiouracil in the diet 
would raise the resistance to a single high dose of 
propylthiouracil, 35 female rats, five to nine months 
old, were randomized into three approximately 
equal groups. These groups were fed powdered 
Purina Laboratory Chow and such chow containing 


presen 


of rats upon which the average is based. 


greater sex-difference exists, using propylthiouracil 
to reduce thyroid function. Twenty males and 23 
females, four to five months old, were randomized 
according to age and weight into a test and a control 
group for each sex. The test groups were fed 200 
mg. of propylthiouracil per Kg. of food, whereas the 
control groups were given food only. With this 
concentration of propylthiouracil, a marked increase 
in recovery time from Nostal® previously had been 
noted, accompanied by a fall in metabolic rate. 
The results as tabulated in Table IV show that al- 
though the recovery time of the propylthiouracil-fed 
groups is significantly increased for each sex— 
similar to the results with Nostal®—there still is a 
significant difference between the recovery time of 
the hypothyroid males and the normal females 
(p < 0.001); also that the sex-variation in case of 
the premedicated rats could be due to chance is 
excluded. 

Thyroidectomy Hypothyroidism.—Groups of 
about seventy rats of each sex were randomized 
according to age, into two groups for each sex. 
They were subjected to thyroidectomy when the 
rats were approximately two and one-half months 
old. The removal was done under light ether anes- 


= 
Time, 
Group ay ys Min.4 
1 3 0 0 0 nae 
2 12 0 2 7 
3 12 1 10 11 
4 12 2 8 
: <The male rats were 5 to 6 months old; 70 mg of Nostal® per Kg. of body weight was injected subcutaneously as a 3.5% 
solution 
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TABLE 1V.—Tue INFLUENCE OF FEEDING PROPYLTHIOURACIL IN THE Diet FOR TWELVE Days ON THE SEX 


Mg. Propy!l.- 

thiouraci! 

per Kg. of 
Food 


Food only 
200 
Food only 
200 


127 


~ ®@ Hexobarbital sodium, 80 mg./Kg. of body weight was administered as a 4% solution 


thesia, care being exercised to leave the parathyroid 
glands and the recurrent laryngeal nerves undis- 
turbed. Nostal® was administered in the usual 
manner two and one-half to three and one-half 
months after the operation. Preliminary tests 
were conducted to ascertain the approximate dose 
range and the remainder of the operated rats were 
used in the following two experiments. 

The Effect of Thyroidectomy on the Male Rat Re- 
sponse to Nostal®.—Forty-eight thyroidectomized 
and 50 control male rats were randomized into five 
groups of nearly equal size. To determine the ef- 
fect of thyroidectomy upon the LD,» of Nostal®, 
a dosage range of 69.0 to 131.5 mg./Kg. with three 
intermediate doses was chosen as shown in Table V; 
the logarithmic increase was 0.0700. 

The LDyo for the control males is estimated to be 
108.3 + 6.5 mg./Kg. as determined by the maximum 
likelihOod method outlined by Finney (20). In the 
thyroidectomized rats it was only 87.7 + 5.2 mg./ 
Kg. The LD, for the controls was 1.25 times that 
for the thyroidectomized rats, with 99% fiducial 
limits of 1.01 and 1.68 for this ratio; thus the dif- 
ference is significant at the 1% level of probability.' 
The recovery time from depression was markedly 
longer in the operated group on the lowest dose as 
compared with that of the control group; on this 


! Statistical analysis by courtesy of Professor Charles O. 
Gardner. 


dose only did a sufficient number survive for statis- 
tical evaluation. However, the incidence of de- 
layed death was not influenced by the thyroid re- 
moval. The total number of acute deaths was 
18/50 in the control, against 28/48 in the operated 
rat groups. The combined number of acute and 
delayed deaths was 38/50 versus 39/48. 


The Effect of Thyroidectomy on the Female Rat 
Response to Nostal.”—-To compare the effects of 
Nostal® in the two sexes 50 normal and 49 thyroidec- 
tomized female rats were used. The dosage range 
was considerably lower, namely 50.0 to 95.3 mg./ 
Kg., than in case of the males to compensate for the 
expected lower female resistance. Unfortunately, 
as seen in Table V, we overcompensated for this in 
that no rats died acutely on the lower three of the 
five doses employed for the female rats. The aver- 
age female recovery time in both normal and oper- 
ated rats was distinctly longer than in case of the 
males when all received a dose of 69.0 mg./Kg. 
With acute deaths occurring in only two groups, no 
LD, can be estimated for the females. The total 
number of acute deaths was 11/50 in the normal 
versus 8/49 in the thyroidectomized females and the 
combined acute and delayed deaths were 34/50 versus 
28/49. The lengthening of the average recovery 
time by thyroidectomy is much less marked than in 
case of the males; in fact, in view of the large stand- 
ard errors, there is a significant difference only with 


TABLE V.—Tue INFLUENCE OF THYROIDECTOMY ON RECOVERY TIME AND ON THE INCIDENCE OF ACUTE AND 


DELAYED DEATH FOLLOWING NoSTAL® ADMINISTRATION IN THE ADULT Rat* 


Females—— 


8/49 + 19/41 = 28/49 


* Group A, control rats. Group B, thyroidectomized rats 


° Nostal®, as the sodium salt, was administered intraperitoneally as a 4% “solution. = 


Weight 
50.0 


58.7 
69.0 
81.1 
95.3 
119.9 
131.5 


Totals 
Teials 


18/50 + 20/32 = 38/50 
28/48 + 11/20 = 39/48 


|| 
DIFFERENCE IN RESPONSE OF ADULT Rats TO HEXOBARBITAL SoDIUM® 
Average 
Number of S| Recovery 
Rats per Time, t 
Group Sex Group Min Factor 
A Male 9 24 + 1.7 13.0 (A vs. C) 
B Male 11 53 + 3.7 7.1 (A vs. B) 
Cc Female 11 81 + 4.5 4.8 (B vs. C) 
D Female 12 Mmm + 5.4 11.3 (B vs. D) 
6.8 (C vs. D) 
Mg. 
Average Nostal® Average 
Number Number Recovery per Kg. Number Number Recovery 
Acute Delayed Time, of Body Acute Delayed Time, 
Deaths Deaths Min Group | | Deaths Deaths Min. 
0/10 3/10 183 + 16.1 ity 
0/10 0/10 224 + 29.5 
0/10 7/10 256 + 19.2 gh 
0/9 2/9 313 + 38.0 
0/10 7/10 371 + 32.1 0/10 7/10 136 + 8.3 
0/10 7/10 459 + 24.8 1/10 4/9 310 + 34.0 
4/10 3/6 2/10 3/8 
5/10 4/5 4/10 3/6 
7/10 3/3 3/10 4/7 
3/10 6/7 8/10 1/2 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLIII, No. 5 


Tasie VI.—Tue INFLUENCE OF FEEDING THYROGLOBULIN IN THE Diet FoR Five Days ON THE ACUTE AND 
Devayvep Errects oF NoSTAL® IN THE ADULT MALE ALBINO RatT* 


Average Recovery 
Time, Min. 
155 + 15.0 (18) 
141 + 8.5(17) 

295 + 48.0(9) 


/ 
10/10 241 + 11.9(10) 


~ © Nostal® as the sodium salt, was administered intraperitoneally as 2% and 3% solutions, respectively. 


* The average amount of thyroglobulin consumed per Kg. of rat 


© Figures in parent 


the dose of 69.0 mg./Kg. (¢ = 2.2; p = 0.05), and 
even this is problematic. There is no clear-cut 
influence of the operation upon either the incidence 
of acute or delayed deaths; only with the two lowest 
doses is there any diminution in the number of de- 
layed deaths, and in view of considerable variation 
of these, this difference is probably not significant. 
With only the 69.0 mg./Kg. dose is it possible to 
compare the effect of thyroidectomy with that of the 
average male recovery time, which is normally 
shorter than in the female. After the operation, 
the male recovery time approaches that of the nor- 
mal female to such an extent that there no longer 
is any significant difference (p = about 0.2). How- 
ever, the data are too few from which to draw any 
general conclusions as to the effect of thyroidectomy 
upon the sex-difference to Nostal®. The difference 
in recovery time between the operated rats of both 
sexes on this dose is significant (p < 0.01). 

Effects of Experimental Hyperthyroidism upon 
the Responses of the Rat to Nostal®.—To produce 
hyperthyroidism, thyroglobulin or thyroxin was fed 
in sufficient concentrations (in powdered Purina 


Laboratory Chow) for five days to raise the oxygen 


consumption. The concentrations were such that 
the rats would be expected to absorb approximately 
the amounts of these substances which are found to 
be effective when injected subcutaneously. 

Thyroglobulin Hyperthyroidism and the Male 
Rat Response to Nostal®.—-Seventy-five male rats, 
three to four months old, were randomized accord- 
ing to age and weight into four nearly equal groups. 
Two of these groups were fed a concentration of 11 
mg. of thyroglobulin per Kg. of food for five days 
prior to and for five days following Nostal® admin- 
istration, the latter being the period during which 
delayed deaths occur. Dr. Kroc informed us that 
this concentration raises the oxygen consumption of 
young adult rats approximately 15% in five days 
and 40% in fourteen days (17). To study the dura- 
tion of acute depression and the incidence of acute 
deaths, and also the incidence of delayed deaths, 
we chose one dose of Nostal® which would not kill 
any rat acutely, and another well within the acute 
death range. 

Our results shown in Table VI indicate that the 
feeding of thyroglobulin significantly altered neither 
the average recovery time, nor the incidence of 
acute or delayed deaths. 

Thyroxin Hyperthyroidism and the Female Rat Re- 
sponse to Nostal®.—In our second set of tests upon 
hyperthyroidism, the more active thyroxin (21, 22) 
was administered in two different concentrations, 
adapted from the subcutaneous doses of 0.06 to 
0.61 mg./Kg. used by Barker, et a/. (23), to raise the 
oxygen consumption of his rats about 60%. One 


represent the number of rats upon whic! 


day was 0.74 mg. 
the average is based. 


hundred and eight three to six month old female 
rats were randomized into six groups. Two groups 
served as controls, two were fed 3.75 mg. of thyroxin 
per Kg. of food, and the remaining two groups were 
fed 7.5 mg. of thyroxin per Kg. of food. In view of 
a moderate sex-variation to Nostal®, the two doses 
were reduced sufficiently to obtain approximately the 
same degree of depression and number of fatalities 
that were obtained in the previous experiment upon 
male rats. 

The results, tabulated in Table VII, show that 
only with the higher concentration of thyroxin in the 
food, causing a marked rise in metabolic rate, was 
the recovery time appreciably shorter than for the 
control animals—both receiving the smaller dose of 
Nostal® (p = about 0.04), which did not cause any 
acute deaths. The thyroxin feeding had no influ- 
ence on either the incidence of acute or delayed 
deaths. 

Thyroxin Hyperthyroidism and the Male Rat 
Response to Nostal®.—-The higher concentration of 
thyroxin was fed as before to 28 male rats, three to 
six months old, 29 similar rats serving as controls. 
Thyroxin per Kg. of rat weight consumed per day 
was 0.66 mg. during the five days preceding Nostal® 
medication; during four days of feeding the oxygen 
consumption rose 24% in five of the thyroxin-fed 
rats, versus 3% in five controls, whereas, in groups 
of six litter mates the blood cholesterol level in five 
days was +2.2% in the controls and —27.5% in 
the thyroxin-fed rats, as determined by the Lieber- 
man-Burchard colorimetric reaction as modified 
for blood determination by Bloor (24). When 60 
mg. of Nostal® per Kg. of rat was administered 
intraperitoneally, one rat died acutely in each group, 
16/28 of the controls and 20/27 of the thyroxin-fed 
rats died during the next few days; the average 
recovery time in minutes was 164 + 7.5 for the con- 
trols and 151 + 6.6 for the pretreated rats. Thus, 
there was no significant effect of hyperthyroidism 
upon the male rat response to Nostal®. 


DISCUSSION 


The most striking influence of experimental hy- 
pothyroidism is the lengthening of the recovery time 
of the male rat to Nostal®, thiopental, or hexobarbi- 
tal. A smaller increase is shown proportionally at 
three dosage levels of Nostal® in female rats made 
hypothyroid by feeding propylthiouracil. Bilateral 
thyroidectomy of adult males increases the incidence 
of acute death as seen in the study using five doses 
in the fatal range. However, no such effect could 
be clearly seen in the two fatal-range doses in the 
case of female rats. Thyroidectomy reduced some- 
what the incidence of delayed death following Nos- 
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Mg. Fhgve- Mg. Nostal® 
Group bf Food Weight Deaths Deaths 
A Food only 60.0 0/18 9/18 
B 11.0 60.0 0/17 4/17 
Cc Food only 90.0 9/18 
D 11.06 90.0 8/18 
h 
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Tasie VII.—Tue INFLUENCE OF FEEDING TWo CONCENTRATIONS OF DL-THYROXIN IN THE Diet FOR FIVE 
Days ON THE ACUTE AND DELAYED EFFECTS OF NOSTAL® IN THE ADULT FEMALE ALBINO Rat? 


Number 
Acute 
Deaths 


0/18 
0/18 
0/18 
6/18 
6/18 
6/18 


Number 
Delayed 
Deaths 
15/18 
17/18 
16/18 
12/12 
12/12 
11/12 


Average Recovery 
Time, Min. 


243 + 14(18)4 
225 + 19(18) . 
203 + 14 (18) 
491 + 27 (12) 
524 + 34 (12) 
466 + 25 (12) 


* Nos‘al®, as the sodium salt, was given intraperitoneally as a 2.5% solution. The thyroxin feeding was continued for five 
after Nostal® medication. 


Thyroxin per Kg. of rat weight consumed per day was 0.26 mg. for groups B and E, and 0.54 ‘ag. for groups C and F 


during the five days prior to Nostal® medication. 


¢ Oxygen consumption averaged +7°% as determined upon four rats of one low-concentration, and +52.3% as determined 


upon four rats of one high-concentration group. 


4 Figures in parentheses represent number of rats upon which the average is based. 


tal® given in a dosage not causing acute death. 
However, in view of the considerable variability in 
the number of delayed deaths in the control groups, 
it would take much larger groups of rats to make 
certain that this is a general rule. 

Our results with thiopental are not in accord with 
the report by Ederstrorm: (25) who did not find any 
increase in the recevery time of rats with thiopen- 
tal after giving them 0.1°% thiouracil in the drinking 
water, even though the animals showed a 23% re- 
duction in oxygen consumption as a result of this 
preliminary medication. Although we adminis- 
tered the more potent propylthiouracil (13, 14) in 
proportionally lower concentrations in the food, 
not in the drinking water, and injected somewhat 
larger doses of thiopental intraperitoneally rather 
than subcutaneously, it would se-m that his results 
and ours should be in the same direction because the 
reduction of oxygen consumption was approximately 
the same with both types of premedication. Since 
we got practically the same increase in recovery time 
with two different propylthiouracil concentrations 
in the food, we have no explanation for the differ- 
ence in Ederstrom’s and our results. 

The barbiturates used in this study are to a con- 
siderable extent detoxified in the liver (7). One 
may, therefore, assume that the capacity of the liver 
for detoxification of these substances is diminished 
by inhibition of thyroid hormone synthesis (13, 21, 
26), as hypothyroidism presumably reduces the 
metabolism of the liver. The puzzling finding is 
that while the prolongation of recovery time is 
consistent, any effect upon the incidence of acute 
or delayed death is apparently much less certain. 
The effect upon recovery time from Nostal® is not 
due to an immediate effect of propylthiouracil ad- 
ministration because this drug when given in con- 
siderable dosage an hour before Nostal® does not 
increase the average recovery time. However, it 
apparently markedly accelerates the time of delayed 
death after Nostal® administration so that many 
more rats are dead within one day. The reason for 
this is unknown. 

The results of one of our experiments with Nos- 
tal® indicate that whereas a considerably higher 
male resistance exists in normal rats, thyroidectomy 
of the male rat makes the recovery time approach 
that of the normal female (Table VI). How- 
ever, suppression of thyroid hormone formation by 
feeding propylthiouracil failed to cause the recovery 
time of the treated male rats after hexobarbital to 
approximate that of the normal females. With hex- 


obarbital there is a very wide sex difference in normal 
rats. Furthermore, although the recovery time 
from hexobarbital was lengthened in both sexes by 
feeding propylthiouracil, a significant sex difference 
still exists in the rats with depressed thyroid func- 
tion. 

In each of the three experiments, when rats were 
fed effective concentrations of thyroglobulin or thy- 
roxin and the Nostal® doses did not cause acute 
deaths or only an occasional acute death, the recov- 
ery time was slightly shorter in the hormone-treated 
rats as compared with the control rats. The inci- 
dence of acute or delayed death was not materially 
influenced by the feeding of either thyroid principle, 
although the metabolic rate was definitely increased 
by such medication, and the blood cholesterol level, 
determined in one experiment, was lowered. Thus, 
increasing the metabolic rate by these feedings does 
not seem appreciably to influence the response of the 
rat to Nostal.® 


SUMMARY 


1. Hypothyroidism, produced by feeding 
suitable concentrations of propylthiouracil in the 
diet for ten or twenty days, greatly increased the 
recovery time of male rats after administration 
of hypnotic doses of Nostal®, thiopental, and 
hexobarbital. In the female the effect was 
much less striking. Counting acute deaths only, 
the LDy of Nostal® in the normal male rat was 
109 mg./Kg.; in the thyroidectomized, only 88. 
The effect upon the incidence of delayed death 
was uncertain. 

2. The LDw» of propylthiouracil, adminis- 
tered intraperitoneally as a suspension in 5% 
acacia solution, was 342 mg./Kg.; the resistance 
of the two sexes was similar. 

3. No tolerance was developed to propyl- 
thiouracil by feeding this drug in the diet in low 
concentrations over a period of two weeks. 

4. Intraperitoneal administration of 100 or 
200 mg. of propylthiouracil per Kg. of rat weight 
one hour prior to subcutaneous administration 
of 70 mg. of Nostal® per Kg. did not significantly 
influence the acute recovery time, nor the inci- 


|| 
Thyroxin Dose of 
of Food 
Group of Food mg./Kg. 
A Food only 50 
Be 3.75 
Cc 7.5 wa 
dD Food only 75 
Es 3.75 
Fe 7.5 ¥ 
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dence of acute death. However, delayed deaths 
occurred much sooner with this premedication. 

5. Hyperthyroidism, produced by feeding 
either thyroglobulin or thyroxin in the food for 
five days had no effect on the incidence of either 
acute or delayed death after Nostal® in either sex 
although oxygen consumption was considerably 
increased and the blood cholesterol levels dis- 
tinctly lowered. However, there was a tendency 
for a slightly shorter recovery time, but in only 
one of the three determinations did the difference 
approach a significant one. 
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The Effect of Selected Chemicals on the Alkaloidal 
Yield of Datura tatula Linné* 


By JACK L. BEAL,} BERNARD V. CHRISTENSEN,{ and AMOS B. COLBY$ 


A study was made on the effect of naphthoxyacetic acid, zinc insulin, and diethyl- 
stilbestrol on the alkaloidal yield of Datura tatula Linné under field conditions. Io 


each case Tween® 20 was added to the test and control solutions. 


Diethylstilbestrol 


did not apt reciably affect the percentage of alkaloid in the test plants, while plants 


treated wit 
gards to alkalord content. 


naphthoxyacetic acid and with zinc insulin did 
Data concerning the dry weight of the plants indicated 


show some effect in re- 


that Tween® 20, when applied to the soil surrounding the plant, may be a factor in 
causing an increase in dry weight, but further study is necessary before conclusions 


can 


T= CURRENT INTEREST in the relationship of 

plant and animal hormones and their effect 
on plants has raised the question whether these 
hormones have a pharmaceutical application in 
respect to effects on medicinal plants and their 
constituents, 

The relationship of plant and animal hormones 
may be summarized in the following manner. 
Some plant constituents reportedly can cause 
physiological activity in animals which is similar 


* Received April 14, 1953, from the College of Pharmacy, 
The Ohio State University, Columbus, Ohio 
Abstracted from a dissertation presented to the Graduate 
School of The Ohio State University by Jack L. Beal in par- 
tial fulfillment of the requirements for the degree of Doctor of 
Philosophy 
t Fellow of the American Foundation for Pharmaceutical 
Education at The Ohio State University 1950-1952. Assist- 
ant Professor, College of Pharmacy, The Ohio State Uni- 
versity 
Toon, College of Pharmacy, The Ohio State University. 
Former Associate Professor, College of Pharmacy, 
(*hio State University. Present address: Middletown, Wis. 


n be drawn. 


to that caused by several animal hormones (1-4). 
In turn, some animal hormones have an effect on 
plants (5-16). While plants and animals pro- 
duce their own respective hormones, some plant 
hormones have been found in animal excretions 
(17, 18), and animal hormones have been found 
in plant extracts (2, 4). 

Thus, it appears that in many cases there is a 
relationship between animal and plant hormones 
and that the metabolic activity of a plant may be 
altered by treatment with various animal and 
plant hormones. If there is a change in the meta- 
bolic activity of a plant, then a shift in the amount 
and perhaps even the type of constitueats within 
the cell could be expected. With this in mind, 
the following study was undertaken to determine 
the effect of certain selected chemicals on the 
alkaloidal yield of Datura tatula Linné. 


EXPERIMENTAL 


A preliminary experiment was conducted to as- 
certain which of several selected chemicals showed 
the most promise of affecting the alkalcid content, 
to discover the most effective method of application 
of the chemical to the plants, and to find the proper 
concentration of chemical to apply to the plant. 

These chemicals were either plant or animal hor- 
mones or hormone-like substances. They were as 
follows: +-indole-3-n-butyric acid, 8-naphthoxyace- 
tic acid, a-naphthaleneacetic acid, zinc insulin, 
thyroxin, diethylstilbestrol, anterior pituitary 
(acid extract and alkaline extract). Experiments 
were conducted using the three following concentra- 
tions: 0.1, 0.001, and 0.0001%. Two different 
methods of applying the chemicals were employed: 
application to the soil and spraying the foliage. 

From the results of the preliminary experiment, 
naphthoxyacetic acid, diethylstilbestrol, and zinc 
insulin were chosen for further experimentation with 
reference to change in alkaloidal content of Datura 
tatula Linné. 

An experimental plot of 343 plants was marked 
off at random to provide seven different treatments 
sets: zine insulin, diethylstilbestrol, and naph- 
thoxyacetic acid test plants; a control for each test 
set; and one set of plants which received no solu- 
tion, thus serving as a control group. 

The plants received treatment three times: (a) 
when the plants were at the age of seven, (b) eight, 
and (c) nine weeks from the seedling stage. 

The naphthoxyacetic acid test plants were treated 
by applying to the soil around each test plant 200 
ml. of aqueous naphthoxyacetic acid test solution 
containing 0.5 mg. of naphthoxyacetic acid and 2 
ml. of Tween® 20.? 

The zinc insulin test solution, consisting of 0.01°% 
zine insulin, 1.0°, Tween® 20 and 0.2% ethyl 
alcohol in a Clark and Lubs buffered solution of pH 
3 (19) was sprayed on the foliage of the test plants. 

The diethylstilbestrol test solution, consisting of 
an aqueous solution of 0.01% diethylstilbestrol, 
1.0% Tween® 20 and 0.1% ethy! alcohol was applied 
in the same manner as the zinc insulin test solution. 

Random samples were selected from the experi- 
mental plot when the plants were at the age of 
eight, ten, and thirteen weeks from the seedling 
stage. At thirteen weeks the plants were well into 
the fruiting stage. The third harvest for the zinc 
insulin test and control plants was at sixteen weeks 
rather than thirteen. 

At each harvest five entire plants of each group 
were gathered, dried, and separated into leaf, root, 
and stem portions and then pooled. At the last 
harvest the dried fruit was also separated and re- 
tained. 

The dry weight of the plant parts was noted as an 
indication of comparative growth. These results 
are shown in Table I. 

After the plant parts were dried and weighed, 
they were powdered in a Wiley mill and mixed well 
to insure homogeneous samples. 


? The authors are indebted to the following companies for 
materials furnished for this experiment: Winthrop-Stearns, 
Inc., for diethylstilbestrol; Eli Lilly and Co., for zine insu- 
lin; Organon, Inc., for thyroxin; Armour and Co., for 
anterior pituitary. 

? Polyoxyethylene sorbitan monolaurate made by Atlas 
Powder Co., Wilmington, Del. 


ScrENTIFIC EpITION 


TaB_e I.—Dry WEIGHT OF ABOVE-GROUND PoRTION 


OF PLANTS 
-——— Weight in Grams———. 
Ist 2nd 3rd 
Harvest Harvest Harvest 
No treatment 1,069 2,227 3,346 
Naphthoxyacetic 
acid control 1,197 2,506 4,731 
Naphthoxyacetic 
acid test plants 994 2,149 3,876 
Diethylstilbestrol 
control 1,057 2,201 3,054 
Diethylstilbestrol 
test plants 743 1,959 3,505 
Zinc insulin con- 
trol 1,078 1,056 2,650 
Zine insulin test 
plants 1,346 2,681 


1,220 


The official assay, as given in The National For- 
mulary, UX (20), was used for the alkaloidal assay 
of the samples. Three assay determinations were 
made of each sample. The assay values, which 
are expressed on a moisture-free basis, are given in 
Table II. The results of the statistical analysis of 
the alkaloidal assay data are given in Table III. 
The student ¢ value was used as a measure of sig- 
nificance. The ¢ value was calculated by pooling 
the variance of all the assay determinations of the 
plants analyzed 140 degrees of freedom, and testing 
the hypothesis that the means of any two samples 
being compared are the same.’ A ¢ value greater 
than 2.61 was considered significant at a 1°) level. 
The formulas used are given at the end of Table III. 

Table LV lists the amount of alkaloid, in grams, 
contained in the above-ground portions of each set 
of plants, representing equal sized plots. If a plant 
has a high percentage of alkaloid but is small in 
size, it may contain less total alkaloid than a larger 
plant with a smaller percentage of alkaloid. There- 
fore, for practical purposes, total yield is of greater 
importance than percentage of alkaloid. 


DISCUSSION 


Naphthoxyacetic Acid.—It is evident from the 
data in Table I that the plants which received the 
naphthoxyacetic acid control solution, an aqueous 
1.0% solution of Tween® 20, were greater in dry 
weight than any of the other sets of plants. Further- 
more, because of this greater dry weight, it can be 
observed in Table IV that in equal-sized plots of 
ground the naphthoxyacetic acid control plants 
would contain more total alkaloid than any of the 
other sets of plants. The best inference is that the 
Tween® 20 in the control solution which was applied 
to the soil surrounding the plants caused this in- 
crease in dry weight. Mitchell and Linder (21) 
in 1950 reported that Tween™ 20 increased the rate 
of absorption and translocation of radioactive 2,4-D 
by bean plants. Thus the Tween® 20 solution 
added to the soil possibly could have caused greater 
absorption from the soil of materials which are 
utilized by the plant. A further study is necessary 
before it can be concluded whether Tween® 20 can 
bring about an increase in dry weight of a plant. 


* The statistical procedure was suggested and approved 
by The Statistics Laboratory, The Ohio State University. 
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Tas_e III.—ReEsvuLts or STATISTICAL ANALYSIS OF THE ALKALOIDAL Assay DaTa 


Leaf Sample— 
Diff. 


-—Fruit Sample— 
value 


Sample—~ 
value Diff. value 


First Harvest 


-—Root Sample— 
Compared Samples Diff. é value Diff. 
Nontreated, diethylstilbes- 
trol control 
Nontreated, diethylstilbes- 
trol test 
Nontreated, naphthoxyace- 
tic acid control 
Nontreated, naphthoxyace- 
tic acid test 
Nontreated, 
control 
Nontreated, zinc insulin test 
Diethylstilbestrol control, 
diethylstilbestrol test 
Naphthoxyacetic acid con- 
trol, naphthoxyacetic acid 
test 0.003 
Zinc insulin control, zinc in- 
sulin test 


0.063 
0.016 
0.026 


2.526 
0.642 
1.044 
0.923 


0.067 2.690° 
4.457" 
2.449 
2.168 


3.734? 
4.578° 


1.767 


1.084 
2.289 
0.803 
0.763 


1.004 
0.441 


1.204 


0.111 
0.061 
0.054 


0.093 
0.114 


0.023 


0.045 
0.098 


0.047 


zine insulin 
1.807 
3.935" 


1.887 0.044 


0.120 0.115 4.618 


5.742° 0.207 8.313° 
Second Harvest 


0.040 
1.445 


Nontreated, diethylstilbes- 
trol control 

Nontreated, diethylsti!bes- 
trol test 

Nontreated, naphthoxyace- 
tic acid control 

Nontreated, naphthoxyace- 
tic acid test 

Nontreated, 
control 

Nontreated, zinc insulin test 

Diethylstilbestrol control, 
diethylstilbestrol test 

Naphthoxyacetic acid con- 
trol, naphthoxyacetic acid 
test 0.080 

Zinc insulin control, zinc in- 
sulin test 0.127 


1.887 
1.124 
6.666 


0.000 0.000 
5. 663° 
1.124 
0.321 


5.783" 
2.570 


5.663" 


0.160 
0.141 4. 136° 
0.028 3.132 
2.690" 


4.819" 
1.847 


3.975" 


0.086 3.453 


9. 076° 
3.975? 


3.052" 


0.008 
zine insulin 

0.226 
0.099 


0.076 


0.144 
0.064 


0.141 


3.212° 1.445 


5. 100° 0.080 3.212 
Third Harvest 


0.036 0.481 


2.971 


Nontreated, diethylstilbes- 
trol control 

Nontreated, diethylstilbes- 
trol test 

Nontreated, naphthoxy- 
acetic acid control 

Nontreated, naphthoxyace- 
tic acid test 

Nontreated, 
control 

Nontreated, zinc insulin test 

Diethylstilbestrol, control, 
diethylstilbestrol test 

Naphthoxyacetic acid con- 
trol, naphthoxyacetic acid 
test 

Zine insulin control inc in- 
sulin test 


0.067 2.690 0.029 
0.120 
2.128 
0.127 5.100° 


0.236 9.477 
0.384 15.421" 


1.164 
3.855? 


0.009 
0.012 
0.006 
0.045 


0.361 
0.481 
0.240 
1.807 


0.602 
1.807 


0.120 


0.082 
0.065 
0.016 
0.075 


0.151 
0.085 


3.293% 
2.610 
0.642 
3.012 


6.064" 
3.413 


0.682 


0.003 0.096 


0.053 0.017 0.682 
2.249 


3.132 
2.931° 


2.690" 


0.056 
zine insulin 

0.078 
0.073 


0.015 
0.045 
0.064 2.570 0.003 


0.067 0.017 


0.074 
0.148 


2.931" 
0.200 


2.971° 
5.943° 


0.073 
0.005 


0.039 1.566 
0.030 1.204 


0.059 
0.064 


2.369 
2.570 


° Difference of the two means. 


» Significant ¢ value, where ¢ = (2 — §)/ (y/2), V2 V2; 2and § are any two means being compared and V* is oe pooled variance. 
V? = Sum of the squares of the 210 assay determinations — 3 X the sum of the square of the 70 


Due to the report of Mitchell and Linder (21) 
Tween® 20 was included in the naphthoxyacetic 
acid test solution with the thought in mind that it 
might aid in the rate of absorption and transloca- 
tion of the naphthoxyacetic acid as it did for the 
2,4-D in Mitchell and Linder’s experiment. While 
the plants which received the naphthoxyacetic acid 


test solution did not show the same increase in dry 
weight as the naphthoxyacetic acid control plants, 
they did show an increase in percentage of alkaloid. 
From the study of Tables II and III, it can be ob- 
served that the leaves of the naphthoxyacetic acid 
test plants at the third harvest contained a sig- 
nificantly greater percentage of alkaloid than the 


leaves of the control and the nontreated plants. 
The stems of the naphthoxyacetic acid test plants 
at the second and third harvest contained a signifi- 
cantly greater percentage of alkaloid than the stems 
of the control plants. 


Tasrie IV.—-Amount oF ALKALOID PRESENT IN THE 
Apove-GROUND PoRTIONS OF THE HARVESTED 
PLANTS 
First Second 
Harvest Harvest Harvest 
Total Total Total 
Alkaloid, Alkaloid, Alkaloid 
Sample Gm. Gm. Gm. 
Nontreated 5.29 8.61 13.93 
Diethylstilbestrol 
control 12.91 
Diethylstilbestrol 
test 13.21 
Naphthoxyacetic 
acid control 21.35 
Naphthoxyacetic 
19.03 
10.67 
12.71 


Third 


5.14 8.83 
7.04 


11.85 


3.95 
5.39 
4.52 


6.04 
4.73 


9.06 
6.22 
6.54 


acid test 
Zinc insulin control 
Zinc insulin test 


Zinc Insulin.—It can be seen from Table I that 
the plants sprayed with the zinc insulin test solu- 
tion, consisting of 0.01% zine insulin, 1.0% Tween® 
20, and 0.2% ethyl alcohol in a Clark and Lubs 
buffered solution of pH 3, and the plants sprayed 
with the control solution, consisting of the same solu- 
tion as the test solution except that it did not con- 
tain the zinc insulin, had in general considerably 
less dry weight than the nontreated plants. The 
zine insulin test plants were slightly greater in dry 
weight than the control plants. In addition to the 
small dry weight these two groups of plants were 
also slower in maturing and for this reason the third 
harvest was not until the plants were 16 weeks 
old. At this age they seemed to be in the same 
stage of fruiting as the other sets of plants were at 
13 weeks of age. 

The zine insulin test and control solutions were 
buffered at a pH of 3, in order to dissolve the zinc 
insulin crystals. It has been shown that culture 
solutions having a pH below 4 or above 9 are not 
suitable for good plant growth because of injury 
to plant roots (22). Although the solutions for 
this experiment were sprayed on the foliage and were 
not in contact with the roots, it may be that the 
acid solution was injurious enough to inhibit the 
proper growth of the plants. 

From the study of Table II it can be observed 
that at first the percentage of alkaloid was less in 
the leaf samples of the control. However, at the third 
harvest, the percentage of alkaloid in the leaf sam- 
ples of the zinc insulin test plants was significantly 
greater than the percentage of alkaloid in the leaf 
samples of the zinc insulin control and nontreated 
plants. The zinc insulin control leaf samples of the 
second and third harvest and stem samples of the 
first and second harvest were greater in percentage 
of alkaloid than the corresponding samples of non- 
treated plants. The fruit samples of both the zinc 
insulin test and control plants were significantly 
greater in percentage of alkaloid than the fruit 
sample of the nontreated plants. In terms of total 
alkaloid, expressed in grams (Table IV), the zinc 
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insulin control and test plant samples contained the 
least amount of alkaloid of all the samples. This 
was due to the fact that they were smaller plants. 

The action of zinc insulin on the plant cannot at 
this time be explained. Further experimentation is 
being carried out to ascertain whether the effect of 
the zinc insulin was due to the zinc, the insulin, or a 
combination of both. 

Diethylstilbestrol.—It has been reported (10) 
that diethylstilbestrol increased plant growth, par- 
ticularly enhancing leaf growth. The results of this 
experiment do not confirm that report. The dry 
weight of the diethylstilbestrol-treated plants, as 
given in Table I, is not significantly different from 
the dry weight of the control plants and nontreated 
plants. 

Study of Tables II and III will show that although 
the diethylstilbestrol test and control plants varied 
from a greater to a smaller percentage of alkaloid 
than the nontreated plants, no definite pattern 
emerged. 

It was interesting to note that the data in Table 
II in this experiment agree with previously reported 
(23) data for Datura alba. The order of the plant 
organs in decreasing magnitude of percentage of 
alkaloid was fruit, leaves, roots, and stems. The 
leaves increased in percentage of alkaloid with each 
harvest, whereas the stems and roots decreased with 
each harvest. 


SUMMARY AND CONCLUSIONS 


1. A study was carried out concerning the 
effect of naphthoxyacetic acid, zinc insulin, and 
diethylstilbestrol on the alkaloidal yield of 
Datura tatula Linné. The study was carried out 
under field conditions with the naphthoxyacetic 
acid being applied to the soil, whereas the zinc 
insulin and diethylstilbestrol were sprayed on the 
foliage. In each case the test solution and con- 
trol solution contained 1.0 per cent Tween® 20. 
This served as a spreading agent in the case of 
the solutions sprayed on the foliage. In the 
case of the naphthoxyacetic acid it was thought 
the Tween® 20 might aid in the rate of absorp- 
tion and translocation of the naphthoxyacetic 
acid. 

2. The leaves and stems of the plants treated 
with the naphthoxyacetic acid and Tween® 20 
contained a significantly higher percentage of 
alkaloid at the third harvest (the fruiting stage) 
than the leaves and stems of the plants which re- 
ceived only the 1.0 per cent solution of Tween® 
20. (Tables II and IIT.) 

3. The dry weight of the plants that received 
the naphthoxyacetic acid control solution, an 
aqueous 1.0 per cent Tween® 20 solution, was 
greater than the dry weight of the plants that re- 
ceived the naphthoxyacetic acid test solution, 
which contained both the Tween® 20 and naph- 
thoxyacetic acid, and the dry weight of the non- 
treated plants (Table I). Evidence pointed to 
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Tween® 20 as a possible factor in this increase of 
dry weight. Further study is to be carried out 
along this line. 

4. The leaves of the plants treated with zinc 
insulin and Tween® 20 in Clark and Lubs buffer 
solution, pH 3, contained a significantly higher 
percentage of alkaloid at the third harvest (the 
fruiting stage) than the leaves of the plants which 
received only the 1.0 per cent solution of Tween® 
20 in the pH 3 solition and the nontreated plants. 

5. Diethylstilbestrol did not appreciably af- 
fect the percentage of alkaloid in the test plants 
nor did the treated plants show any great differ- 
ence from the control plants in dry weight. 
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A Comparison of a Spectrophotometric and the 
Silver Salt Titration Methods for the 
Determination of Theophylline in 


Various Pharmaceuticals* 


By J. P. COMER and W. W. HILTY 


A method is described for the spectrophotometric determination of theophylline in 


powders, injections, capsules, tablets, and suppositories. 


the absorption of theop 


The method is based on 


ylline in 0.1 N hydrochloric acid solution at 270 mw. The 


results obtained by he spectrophotometric method maintain or improve the pre- 
cision and accuracy of the results obtained by the silver salt titration method per- 
formed on the same pharmaceuticals. 


T= ASSAY of theophylline by the silver salt 

titration method was developed by Stevens 
and Wilson in 1937 (1) and later became the 
official method in the Second Supplement of the 
U.S. P. XI (2). This method has been the basis 
for the determination of theophylline in filled 
capsules of aminophylline-ephedrine-amobarbital 
(3) and solutions of aminophylline-vinbarbital 
(4). The latter Meg evaluated an inherent 
error in the U. S. P. XIV assay method caused 
by the arent ef silver theophyllinate in am- 
monium hydroxide solution. 


* Received August 21, 1953, from Eli Lilly and Company, 
Indianapolis, Ind. 

Presented to the Scientific Section, A. Pa. A., Salt Lake 
City meeting, August, 1953. 

The authors wish to acknowledge the technical assistance 
of Mrs. Eileen Garwood. 


A study of the U.S. P. XIV method and a mod- 
ification omitting the use of ammonia has been 
reported and certain recommendations made for 
improving the present assay (5). The potentio- 
metric titration of theophylline in aminophylline- 
phenobarbital mixtures has been reported (6). 

The silver salt titration procedure presents 
certain disadvantages when used for colored or 
complex mixtures which interfere with the precip- 
itation of the silver theophyllinate, slow the 
filtration time, or obscure the end point of the 
titration. The purpose of the study presented 
here was to develop a method for the determina- 
tion of theophylline in various pharmaceuticals 
which would be less time-consuming and more 
versatile than the U. S. P. XIV method and 


which would maintain or improve the accuracy 
and precision obtainable by the U. S. P. XIV 
method. 

An ultraviolet spectrophotometric method for 
the assay of theophylline in blood and tissues 
has been reported by Schack and Waxler (7). 
These authors used the absorption at 277 my 
in 0.1 N sodium hydroxide solution as a measure 
of the theophylline content. The method pre- 
sented here is based upon the absorption of theo- 
phylline in 0.1 N hydrochloric acid solution at 
270 my. The results obtained by this method 
are compared with those obtained by the silver 
salt titration procedure. 


EXPERIMENTAL 


General.—For both methods, five samples were 
weighed from the same lot of material prepared in 
the manner described in the separate experiments. 
The absorbancies of the theophylline solutions were 
measured in a Beckman Quartz Model DU spectro- 
photometer in l-cm. matched silica cells using 0.1 
N hydrochloric acid as the reference solution. 

The silver salt titration procedures given in the 
U. S. P. XIV method were used when applicable. 
When deviations from the U. S. P. XIV methods 
were necessary, they are noted in the description of 
the separate experiments. 

Anhydrous Theophylline.--A one-tenth gram 
sample of anhydrous theophylline was dissolved 
in 200 cc. hot water in a 1,000-cc. volumetric flask. 
The solution was cooled and diluted to 1,000 cc. 
with distilled water. A 10-cc. aliquot of this solu- 
tion was transferred to a 100-cc. volumetric flask, 
1 ce. concentrated hydrochloric acid added, and the 
solution diluted to 100 cc. with distilled water. 
The absorbancy of this solution was measured at 
270 my. The absorption spectrum between 200 
my and 300 my of a solution similarly prepared is 
shown in Fig. 1. 

Duplicate loss on drying determinations of the 
theophylline sample showed 0.18°% and 0.12°% loss. 
The average loss indicated a purity of 99.85°%. 
The average of the five absorbancies found by the 


om 


WAVE LENGTH IN Mu 

Fig. 1—-Absorption spectrum of anhydrous theo- 
phylline, 10 ywg./ce., in 0.1 N hydrochloric acid vs. 
0.1 N hydrochloric acid in l-cm. matched silica cells. 
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method above was 0.544. This value divided by 
99.85 gives a theoretical absorbancy of 0.545 for 10 
ug. of theophylline in 0.1 N hydrochloric acid. This 
value was confirmed by recrystallizing anhydrous 
theophylline in methanol, drying the crystals for 
two hours in a vacuum at 105° and determining the 
absorbancy by the method described above. The 
absorbancies of solutions containing 6, 7, 8, 9, 
10, and 11 yg. of theophylline in 0.1 N hydrochloric 
acid were found to be 0.328, 0.382, 0.436, 0.489, 
0.545 and 0.600, respectively. Thus solutions of 
theophylline in 0.1 N hydrochloric acid obey the ab- 
sorption laws for the concentrations used in this 
study. For the calculations reported here a stand- 
ard absorbancy for 10 ug. of anhydrous theophylline 
in 0.1 N hydrochloric acid of 0.545 was used. 

Aminophylline Powder.—A sample of 0.125 Gm. 
of aminophylline was dissolved in sufficient distilled 
water to make 1,000 cc. of solution. A 10-cc. ali- 
quot of this solution and 1 cc. concentrated hydro- 
chloric acid were diluted to 100 cc. and the absorb- 
ancy of the resulting solution measured at 270 mu. 

Theophylline Monoethanolamine Powder.—A 
sample of 0.120 Gm. of theophylline monoethanol- 
amine was dissolved and diluted and the absorbancy 
of the resulting solution measured in the manner 
described for aminophylline. 


Taste I.—ComparRATiIve ASSAY RESULTS FOR 


POWDERS 
Powder—————~~ 
phylline 
Mono- 
Theo- Amino-_ ethanol- 
phylline, phylline, amine, 
% % % 
Average % theophyl- 
line, 5 determina- 
tions by method 
Silver salt 98.8 81.5 73.7 
Spectrophotometric 99.8 81.0 73.3 
Standard deviation of 
5 determinations 
by method 
Silver salt +0.4 +0.2 +0.2 
Spectrophotometric 240.2 +0.1 
Theophylline, _theo- 
retical 99.8" 78.9%  74.7> 
* 0.2% loss on drying. ; 


s Calculated from theoretical molecular ratios. 


Aminophylline Injection (0.25 Gm. in 10 cc.).— 
Ampuls of aminophylline injection, purchased from 
a retail store, were broken and the solutions pooled. 
A 10-cc. aliquot of the pooled solution was diluted 
to 1,000 ce. with distilled water. Then a 10-cc. 
portion of the latter dilution plus 2.5 cc. concen- 
trated hydrochloric acid were diluted to 250 cc. 
with water. The absorbancy of the resulting solu- 
tion was measured at 270 my. 

Aminophylline Tablets (0.1 Gm.).—The weight of 
100 aminophylline tablets, purchased from a retail 
store, was determined, and the average tablet weight 
calculated. The tablets were powdered and a sam- 
ple weight equivalent to 5 tablets transferred to a 
1,000-cc. volumetric flask. The powder was shaken 
with water for two minutes and then diluted to 1,000 
ec. The mixture was allowed to settle, then filtered 
and the first 50 ce. of filtrate discarded. A 10-cc. 


May, 1954 


aliquot of the filtrate and 5 cc. concentrated hydro- 
chloric acid were diluted to 500 cc. with water. The 
absorbancy of the resulting solution was measured 
at 270 mu. 
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A sample weight of the powdered mixture equiva- 
lent to 5 tablets was mixed with 5 cc. of ammonia 
test solution, diluted to 100 cc., and filtered. A 20- 
ce. aliquot of the colored filtrate was used for the 


TaB_e II.—ComparaTIVE AsSAY RESULTS FOR AMINOPHYLLINE INJECTION (0.25 GM.) AND AMINOPHYLLINE 
Tascets (0.1 Gm.) 


——Injection Method——. 
Silver 


Av. theophylline, 5 determinations 
Standard deviation of 5 determinations 
Theophylline theory 


Sample size 


Filled Capsules Theophylline Monoethanolamine 
(0.0972 Gm.).—The weight of the contents from 20 
filled capsules was determined and the average 
weight per capsule calculated. A sample weight 
equivalent to five capsules was’shaken in a 1,000-cc. 
volumetric flask with 200 cc. distilled water for two 
minutes, then diluted to 1,000 cc. with water and 
filtered. A 10-cc. aliquot of the filtrate and 5 cc. 
concentrated hydrochloric acid were diluted to 500 
cc. with water, and the absorbancy of the resulting 
solution read at 270 mu. 

A sample weight equivalent to the content of 10 
capsules was mixed with 5 cc. ammonia T. S. and 
diluted to 100 cc. This mixture was filtered and a 
25-cc. aliquot used for the U. S. P. XIV method. 

Filled Capsules Theophylline Monoethanolamine 
(0.0972 Gm.) and Amobarbital (0.0324 Gm.).— 
The weight of the contents from 20 filled capsules 
was determined and the average weight per capsule 
calculated. The sample weight and procedure were 
the same as those used for the spectrophotometric 
method described for filled capsules theophylline 
monoethanolamine. 

A sample weight equivalent to the contents of 10 
capsules was mixed with 5 cc. ammonia T. S. and 
diluted to 100 cc. This mixture was filtered, and a 
50-cc. aliquot used for the U. S. P. XIV method. 


———Tablets Method———. 
Silver Spectro- 
Salt photometric 
83.8 mg. 80.6 mg. 
+0.6 mg. +0.1 mg. 
78.9 mg. 


per tablet 
10 tablets 5 tablets 


U.S. P. XIV method. The colored solution made 
the detection of the end point difficult. 

Suppositories Theophylline Monoethanolamine 
(0.5 Gm.).—The weight of 20 suppositories was de- 
termined, and the average weight per suppository 
calculated. The suppositories were melted, mixed 
thoroughly, and allowed to solidify. A sample 
weight of the solid equivalent to one suppository 
was transferred to a separatory funnel and 50 cc. 
ether added. The mixture was extracted with three 
200-ce. portions of water. The aqueous extracts 
were collected in a 1,000-cc. volumetric flask and 
diluted to 1,000 cc. with water. A 10-cc. aliquot 
of the latter and 5 cc. concentrated hydrochloric acid 
were diluted to 500 cc. with water and the absorb- 
ancy of the resulting solution measured at 270 muy. 

The U. S. P. XIV method for suppositories of 
aminophylline was performed on a sample weight 
of the solid suppository mix equivalent to two sup- 
positories. 


DISCUSSION 


Anhydrous theophylline powder is the only phar- 
maceutical product assayed during this investiga- 
tion which contained a known amount of theophyl- 
line. The assay results of the theophylline powder 


Theophylline Monoeth- 
anolamine (0.0972 Gm.) 


Average theophylline, 5 determinations 
Standard deviation, 5 determinations 
Theophylline theory 


Sample size 


Timed Disintegrating Tablets of Theophylline 
Monoethanolamine (0.1944 Gm.).—The weight of 
50 tablets was determined and the average weight 
per tablet calculated. The tablets were finely 
ground, and a sample weight equivalent to five 
tablets was shaken with 200 cc. of water for five 
minutes and then diluted to 1,000 cc. and filtered. 
A 5-cc. aliquot of the filtrate and 5 cc. concentrated 
hydrochloric acid were diluted to 500 cc. with water 
and the absorbancy of the resulting solution meas- 
ured at 270 mu. 


III.—CompaRATIVE ASSAY 


per cap 
10capsules 5capsules 


RESULTS FOR FILLED CAPSULES 


Theophylline Monoeth- 
anolamine (0.0972 Gm.) and 
Amobarbital (0.0324 Gm.) 


per 
10 capsules 


show that the spectrophotometric method gave the 
theoretical amount of theophylline while the silver 
salt method average result was 1% low. This is 
believed to be a significant difference and probably 
can be explained by the solubility of silver theophyl- 
linate in ammonium hydroxide solutions. 

The actual amount of theophylline in the products 
containing theophylline monoethanolamine and 
aminophylline was not known. The theoretical 
amounts of theophylline shown in the tables were 
calculated from the theoretical molecular ratios of 
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1.90% 1.92% 
+0.01% +0 01% 
1.97% 
Spectro- Spect 
Salt. photometric Salt” phovemetete 
72.8 mg. 73.8 mg. 76.8 mg. 76.7 mg 
+0.5 mg. +0.1 mg. +0.3 mg. +0.3 mg. 
72.6 mg. 72.6 mg. 
apsule 
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Taste I[V.—-Comparative Assay RESULTS FOR TIMED DISINTEGRATING TABLETs (0.194 Gm.) AND Sup- 
posirorigs (0.5 Gm.) oF THEOPHYLLINE MONOETHANOLAMINE 


——_———Tablets Supp ies 
-Method——-—— Method 
Silver tro- Silver 
Salt photometric Salt photometric 
Average theophylline, 5 determinations 140.2 mg. 145.8 mg. 413.3 mg. 382.0 mg 
Standard deviation of 5 determinations +1.5 mg. +1.0 mg. +7.7 mg. +1.1 mg. 
Theophylline theory 145.2 mg. per tablet 373.4 mg. per suppository 
Sample size 5 tablets 5 tablets 2 supposi- 1 supposi- 
tories tory 


theophylline and the monoethanolamine or ethylene- 
diamine. These values are the indications but not 
the proofs of the amounts of theophylline actually 
present. 

The average values for the aminophylline and 
theophylline monoethanolamine powders found 
by both methods agree within the limits of a routine 
control procedure. The differences in precision of 
the two methods for the assay of the powders are 
not significant. 

The methods agree in both precision and accuracy 
for the aminophylline injections. The excipients 
of normal uncoated tablets and of capsule powders 
do not interfere with the spectrophotometric method 
for the dilutions used in this study. The spectro- 
photometric method is slightly more precise than 
the silver salt method for aminophylline tablets. 

The spectrophotometric average is about one per 
cent higher than the silver salt average for capsules 
of theophylline monoethanolamine. Again the 
precision found by the spectrophotometric method 
appears to be slightly better. 

Both methods agree in both precision and average 
for the filled capsule of amobarbital and theophyl- 
line monoethanolamine. This shows that the amo- 
barbital causes no more interference in the spectro- 
photometric method than it does in the silver salt 
method. Amobarbital was found to give practically 
no absorption at 270 my in the dilutions of 0.1 NV 
hydrochloric acid used for this assay. 

The dye used in the coating of the tablets of theo- 
phylline monoethanolamine made the detection of 
the end point difficult by the silver salt method. The 
excipients of this tablet do not interfere with the 
spectrophotometric procedure described. The aver- 
age of the results of the silver salt method was 
about four per cent higher than that of the spectro- 
photometric method. The precision was essentially 
the same for both methods. 

The silver salt method is not applicable for the 
suppositories of theophylline monoethanolamine 
since the individual results were erratic and the 
averages high. The spectrophotometric method 


described is sufficiently accurate and precise for the 
assay of this suppository. 

No attempt was made to collect data concerning 
the time required to complete the five determina- 
tions of the various products by both methods. 
From experience the generalization can be made that 
the spectrophotometric method requires approxi- 
mately one-fourth the time necessary to complete 
the silver salt titratien procedure. 


SUMMARY 


1. A method is described for the spectropho- 
tometric determination of theophylline in pow- 
ders, injections, capsules, tablets, and supposi- 
tories. 

2. The results obtained by the spectrophoto- 
metric and the silver salt titration method for 
the determination of theophylline in the above 
pharmaceuticals are compared. 

3. The results indicate that the spectrophoto- 
metric method could be expected to maintain or 
improve the accuracy and precision obtainable 
by the silver salt titration method when used for 
the assay of theophylline in the products men- 
tioned in this study. 


REFERENCES 


(1) Stevens, A. N., and Wilson, D. T., Tars Journar, 26, 
314(1937). 

(2) The “United States Pharmacopoeia,’ 11th rev., 2nd 
Suppl., Mack Publishing Co., Easton, Pa., 1939, p. 105. 

(3) Hilty, W. W., and Wilson, D. T., Turs Journat, 37, 
227( 1948). 

(4) Hoffnagle, G. F., and Milligan, M. L., #bid., 41, 3 
(1952). 

(s) Griffenhagen, G. B., and Brady, E. C., ibid., 40, 211 
(1951). 

(6) Bartilucci, A., and Discher, C. A., ibid., 39, 641(1950). 

(7) Schack, J. A., and Waxler, S. H., J. Pharmacol. 
Exptl. Therap., 97, 283(1949). 


The Essential Oil of Amphiachyris dracunculoides (DC) 
Nutt.* 


By A. C. GLASSER,* L. E. HARRIS, B. V. CHRISTENSEN, and F. W. BOPE 


Stcam distillation of the flowering tops of Am- 

bhiachyris dracunculoides (DC) Nutt. yielded 

1.6 per cent of an essential oil. Physical and 

chemical properties of the oil are given. The 

oil has been fractionally distilled and the 
components investi 


mphiachyris dracunculoides (DC) Nutt., Com- 
positae is one of two species of Amphiachyris 
native to the south central portion of the United 
States. The plant has been called Brachyris 
dracunculoides DC, Brachyris ramosissima Hook., 
and Amphiapappus dracunculoides Torr. and 
Grey. Nuttal gave the plant its present name 
in 1841 (1). Local names for the plant are 
Broom Weed and August Flowers (2). The 
plant grows in dry soil and is widely distributed 
throughout the Southwest. The plant blooms in 
September and October. 

The use of Amphiachyris dracunculoides as a 
home remedy for coughs and colds was established 
in the southwestern part of the United States 
many years ago. An infusion of the flowering 


tops is used to make a syrup. 
The plants used in this study were collected 


near Mangum, Okla. The flowering tops, con- 
sisting of the upper stem, leaves, and inflores- 
cence were taken as the sample, and were air 
dried. 

During the course of a phytochemical inves- 
tigation of the plant an essential oil was isolated. 
The initial report of the properties and the char- 
acterization of the oil of Amphiachyris dracuncu- 
loides follows. 


EXPERIMENTAL 


Isolation of the Oil.—The air-dried flowering tops 
were ground in a Wiley mill using an 8 mesh screen. 
A total of 8.1 Kg. of this material was steam distilled 
in a Lloyd extractor. The distillate was collected 
in 3,000-ce. separatory funnels and the water was 
drained off as the oil separated. The oil was dried 
over anhydrous sodium sulfate, and after filtering, 
approximately 142 cc. of a pale yellow, limpid liquid 
of not unpleasant odor was obtained for a yield of 
1.6% of the dried material. 

Physical and Chemical —Various 
physical and chemical properties of the oil were 
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determined as follows: d?° 0.9135, n*} 1.4784 
a’S —15°36’, acid number 1.06, ester number 26.1, 
ester number after acetylization 64.8, alcohol con- 
tent as borneol 10.6%, carbonyl content 19% by 
the bisulfite method. 

Separation of the Oil.—The oil was separated 
chromatographically on silicic acid by the method 
of Kirchner (3) into a hydrocarbon and an oxy- 
genated fraction. Four hundred grams of silicic 
acid was packed as a slurry in petroleum ether into 
a column 4.5 x 54 cm., constricted at the bottom, 
and carrying a cotton plug under a layer of sand. 
Reduced pressure of 65 mm. was applied to the bot- 
tom of the column, and when the column failed to 
shrink further, 90 cc. of the oil was added and 
drawn onto the column. Petroleum ether was then 
added as the eluting agent. The appearance and 
presence of terpenes in the eluate was determined 
by means of the fluorescein-bromine test and the 
chromatostrips of Kirchner (4). Terpenes appeared 
after 300 ce. of petroleum ether had been added, 
and after 2,300 cc. had been added a negative test 
was obtained. The eluting agent was then changed 
to ethyl acetate, and 800 cc. was needed to elute 
the oxygenated compounds. The solvents were re- 
moved at (0° by distillation at the reduced pressures 
of 10 mm. for ethyl acetate and 25 mm. for petroleum 
ether. In this manner 65 cc. of colorless, limpid, 
pleasant-smelling hydrocarbons was obtained, and 
23 cc. of a yellow liquid with the odor of the original 
oil was obtained as the oxygenated fraction. This 
amounted to 97.7% recovery of the initial sample. 

Carbon and hydrogen determinations (C, 88.35; 
H, 11.58) showed the absence of oxygenated com- 
pounds in the hydrocarbon fraction. 

Fractional Distillation of the Hydrocarbons.— 
Fifty-five cubic centimeters of the hydrocarbons 
were fractionally distilled through a column 1.2 x 30 
em., packed with one-eighth inch, single-turn glass 
helices. The column was provided with an external 
heating coil and carried a still head of the Whitmore- 
Lux design. Fractionation was started at atmos- 
pheric pressure, but after the fourth fraction the 
pressure was reduced to 24 mm. Thirty fractions 
were collected by intermittent take-off, and the 
physical properties are summarized in Fig. 1. 

Three major separations are evident from Fig. 1, 
and on the basis of these separations three samples 
were prepared, consisting of fractions 7-15, 18-23, 
and 25-30. Each combined sample was distilled 
twice from sodium. 

The presence of three major constituents was con- 
firmed through chromatographic examination of the 
crude hydrocarbon fraction by means of the silicic 
acid chromatostrips with hexane as a developer. 
Upon examination of the strips by means of the 
fluorescein-bromine test, three substances were ap- 
parent as yellow spots on a pink background. Each 
of the purified, combined samples was also examined 
by this method for homogeneity, and was found to 
contain only one compound giving a positive fluores- 
cein-bromine test. 
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Fig. 1.—Physical properties of the terpene frac- 
tions of the oil of Amphiachyris dracunculoides. 


A summary of the physical properties and the 
Ry values of the three combined fractions are given 
in Table I. 


I.—PuysicaL Properties AND Ry VALUES 
or tHe Major Comstnep HyprocarBon FRrRac- 
TIONS 


Refrac- 
Boiling tive 

Sam- Point, Index, 
ple 
1 165-167 1.475 

2 175-177 1.4724 +75°24’ 


3 248-250 1.4965 —08°32’ 


Den- 

sity, 

Ry 
0.869 0.72 
0.843 0.35 
0.912 0.82 


Optical 
Rotation, 
—26°02" 


Identification of a-Pinine.—The forerun of sam- 
ple 1, consisting of fractions 4, 5, and 6 of the hy- 
drocarbon fractionation, was subjected to the action 
of nitrosy] chloride according to the method of 
Ehestadt (5). A _ nitrosochloride was obtained, 
melting at 102-103° after recrystallization from 
chloroform-methanol, undepressed by an authentic 
sample of a-pinene nitrosochloride. The nitrol- 
benzylamine was prepared from the nitrosochloride 
by the action of benzylamine (6). After recrystal- 
lization from alcohol the melting point of the 
nitrol was 120-121° undepressed by an authentic 
sample of a-pinene nitrolbenzylamine. 
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Identification of /-8-Pinene.—Sample 1, consisting 
of fractions 7-15, did not form a nitrosochloride 
with the usual reactions. Four grams of sample 1 
were oxidized with neutral potassium permanganate 
according to the method of Délépine (7). The 
yield of crude acids was 2.6 Gm. Five cubic centi- 
meters of 10% sodium hydroxide was added to the 
acids with the formation of a white solid, purified 
by recrystallization from water. The purified 
sodium salt (150 mg.) was acidified and the free 
acid recrystallized from benzene-hexane. Nopinic 
acid, melting point 127.5-128.5°, was obtained. 

An infrared spectrogram of sample 1, obtained 
by means of a Baird Associates automatic recording 
infrared spectrophotometer, corresponded to that of 
8-pinene. 

Anal.—Caled. for CioHis: 
Found: C, 88.36; H, 11.47. 

Identification of d-Limonene.—A solution of 1 
Gm. of sample 2 in 1 part amy! alcohol and 2 parts 
anhydrous ether was treated with bromine at 0°. 
A solid bromide separated out only after long stand- 
ing in a refrigerator at —15°. The substance was 
recrystallized three times from methanol to yield 
a crystalline solid, melting point 103-104° unde- 
pressed by an authentic sample of limonene tetra- 
bromide. 

The nitrosochloride was formed from sample 2 
using amyl nitrite and hydrochloric acid. A solid 
was obtained melting at 105° after three recrystal- 
lizations from chloroform-methanol, undepressed 
by an authentic sample of limonene nitrosochloride. 

An infrared spectrogram of sample 2 corresponded 
to that of limonene. 

Anal.—Caled. for CyHis: 
Found: C, 88.36; H, 11.97. 

Identification of /-Cadinene.—The physical prop- 
erties of sample 3 indicated the presence of a ses- 
quiterpene. The molecular refraction was 65.52, 
calculated for cadinene 66.14. From these facts a 
bicyclic sesquiterpene containing two double bonds 
was indicated. 

A 2-Gm. portion of sample 3 was dehydrogenated 
by means of 0.94 Gm. of sulfur according to the 
method of Ruzika and Meyer (8). The reaction 
mixture was heated six hours during which time the 
temperature was gradually raised from 200° to 
265°. The reaction mixture was distilled twice at 
15 mm. pressure to yield a light yellow oil. The 
oil was added to 10 cc. of a saturated alcoholic solu- 
tion of picric acid and the solution warmed on a 
steam bath. Upon cooling 780 mg. of a picrate 
was obtained, melting at 114-115°. A sample of 
400 mg. of the picrate was split on an alumina 
column and the freed hydrocarbon was eluted with 
benzene. Upon removal of the solvent a pale yellow 
oil resulted n?) 1.5850, b. p. 289°. Literature values 
for cadalene are m*} 1.5851, b. p. 291-292° (8). 

The formation of cadalene upon dehydrogenation 
does not establish the sesquiterpene as cadinene, for 
other bicyclic sesquiterpenes are known which 
yield cadalene on similar treatment. One gram of 
sample 3 was placed in 1 cc. of anhydrous ether and 
the solution cooled in an ice-salt bath. Dry hydro- 
gen chloride was bubbled into the solution for thirty 
minutes. The flask was stoppered and placed in a 
refrigerator at —15°. After three days the flask 
was removed from the refrigerator and the ether 
allowed to evaporate. The resulting mash was 


C, 88.16; H, 11.84. 


C, 88.16: H, 11.84. 
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filtered to yield a solid in the form of fine white 
needles. After three recrystallizations from ab- 
solute alcohol, 60 mg. of fine white needles were ob- 
tained melting at 117.5-118.5° undepressed by an 
authentic sample of cadinene dihydrochloride. 

An infrared spectrogram taken with a Baird 
Associates Model B infrared spectrophotometer, 
using sodium chloride standard liquid cell 0.10 
mm. in thickness, showed characteristic adsorption 
bands (see Table II). 


Taste ADSORPTION BANDS 


Cm.~ 


2,800 
1,635 
Va 


1,450 —_CH,— and —CH, 
1,370 


885 


Microns 


3.6 


Assignment 


—€H,— and —CH; 
C=C 


‘C=CH— 
820 


782 


Anal.—Caled. for 
Found: C, 88.07; H, 12.01. 

Identification of /-Borneol.-The oxygenated 
fraction was distilled at 27 mm. of pressure and 
four fractions were collected. A solid appeared 
in the first three fractions, and after storage at 
—15° for three days, the fractions were filtered to 
yield 2.2 Gm. of solid. After two recrystallizations 
from petroleum ether a crystalline solid was obtained 
in the form of hexagonal plates, melting at 204° 
(sealed tube), [a]*} —39°0’ (c = 2 abs. alc.). 

An infrared spectrogram of the solid substance 
“as identical with that of borneol. 
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The p-nitrobenzoate was prepared, and after re- 
crystallization from alcohol melted at 135° unde- 
pressed by an authentic sample of bornyl p-nitro- 
benzoate. The 3,5-dinitrobenzoate was also pre- 
pared and melted at 156-157° undepressed by an 
authentic sample. 


SUMMARY 


The flowering tops of the herb Amphiachyris 
dracunculoides (DC) Nutt. were steam distilled 
to yield 1.6 per cent of an essential oil with the 
following properties: 0.9135, 1.4784, 
as —15°36’, acid number 1.06, ester number 
26.1, ester number after acetylization 64.8, 
alcohol content as borneol 10.6 per cent, carbonyl 
compounds 19 per cent by the bisulfite method. 
The of was separated chromatographically on 
silicie acid into hydrocarbon and oxygenated 
fractions. The oil is composed of 74 per cent 
hydrocarbons and 26 per cent oxygenated com- 
pounds. The hydrocarbon fraction consists of 
the terpenes a-pinene 4.5 per cent, /-8-pinene 53 
per cent, d-limonene 24 per cent, and a sesquiter- 
pene /-cadinene 18 per cent. /-Borneol has been 
isolated from the oxygenated fraction. 
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INTERNATIONAL CONGRESS OF THE HISTORY OF PHARMACY 


The International Society of the History of Phar- 
macy will hold its 1954 general meeting within the 
framework of the INTERNATIONAL CONGRESS OF 
THE History oF PHarMacy in Rome, Italy, Sep- 
tember 8-12, 1954. This will be followed by the 
International Congress of the History of Medicine, 
beginning September 13. The program will include 
a visit to the Nobile College of Chemistry and Phar- 
macy, which is observing this year its 525th anni- 
versary. 


Members who wish to present papers are re. 
quested to submit them to: Herr Apotheker C. 
Wartenberg, Ploener Strasse 184, Eutin-Neudorf 
(West Germany), not later than two months prior 
to the Congress. The papers must be on original 
subjects and of general interest to the history of 
pharmacy. They may be presented in German, 
French, English, Italian, or Spanish, but an ab- 
stract in a second language is required. Delivery 
of a paper must not exceed twenty minutes. 


Displacement Analysis of Terpene Hydrocarbons" 


I. Preliminary Studies 
By A. C. GLASSER,+ L. E. HARRIS, B. V. CHRISTENSEN, and F. W. BOPE 
Displacement analysis on silica gel has been anaeignns as a method of separating 


terpene hydrocarbons. 


use of adsorption isot 


rms in predicting the nature 


of displacement diagrams has been substantiated. An application of displacement 


analysis to a mixture of terpene hy 


URING the analytical examination of essen- 
tial oils, limitations of the conventional 
methods are often encountered. Some of these 
are the initial volumes required and the lack of 
sharp separations while working with small 
quantities utilizing distillation techniques. 
Chromatographic methods are generally not 
limited by such considerations of quantity, and 
are useful in the separation of small quantities 
of materials. The chromatographic method of 
displacement analysis as developed by Tiselius 
(1) has been used successfully for the analysis of 
such substances as sugars (1, 4), amino acids and 
peptides (2), fatty acids (3), and phenols (5). 
Fundamentally displacement analysis is an 
example of the development of a chromatogram 
in which a developer, or developer mixture is 
used to displace more weakly adsorbed substances 
from the adsorbent, and these are in turn made 
to migrate from the column in an orderly manner 
with little or no tailing-off. 

Recently Fink, Lewis, and Weiss have de- 
scribed conditions under which aromatic and ali- 
phatic hydrocarbons were separated on silica 
gel (6). The separation of a mixture of hydro- 
carbons by means of selective adsorption depends 
upon the fact that the tendency for hydrocarbons 
to be adsorbed on silica gel decreases in the order: 
aromatics > olefins > saturates; also, the capac- 
ity of silica gel for adsorbing olefins, in the same 
range of molecular weights, increases in the order: 
straight chain < branched chain < cyclic olefin. 
With this information as a basis, the possibility 
that the varying degrees of unsaturation and the 
different structures of the terpene hydrocarbons 
would lend themselves to separation by displace- 
ment analysis was investigated with the intent of 
finding a method adaptable to the analysis of 
hydrocarbon mixtures as are found in essential 
oils. 
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bons isolated from a natural 
sen 


source is pre- 


EXPERIMENTAL 


The terpenes used in this investigation were puri- 
fied by fractional distillation over sodium and were 
stored in amber glass under nitrogen until used. 
Adsorption isotherms were determined in the usual 
manner at a temperature of 3°. The column used 
for displacement was surrounded by a jacket for the 
circulation of alcohol from a large volume reservoir 
held at 3° + 0.5°. The reason for the low temper- 
ature was twofold: it is well known that adsorption 
is greater at low temperatures, and silica gel has a 
reported isomerization effect upon olefins which is 
reduced or eliminated at low temperatures (6, 7). 
An isomerization or catalytic effect of the silicates 
upon terpenes has also been reported by other work- 
ers (8-10). The silica gel used was Davison's No. 
950-08-08-226, 60-200 mesh. The column used 
was Pyrex glass, 1 X 40 cm. with a 250-cc. bulb at- 
tached to the top. A capillary stopcock was fused 
flush to the bottom of the tube in order to minimize 
the mixing of the eluate after it leaves the column. 
Refractive index measurements were made by 
means of an Abbe refractometer. The silica gel 
columns were packed as slurries in n-hexane. 

Since ethyl acetate is strongly adsorbed, this sub- 
stance was first investigated as a displacer. Ad- 
sorption isotherms were determined for ethyl ace- 
tate, limonene, and a-pinene in n-hexane, and are 
presented in Fig. 1. According to the theory of dis- 
placement analysis as developed by Tiselius (1), 
and presented by Claesson (11), the adsorption coef- 
ficient! which is fixed by the concentration of the 
displacer chosen, establishes the steady state neces- 
sary for the separation of the zones. A line of con- 
stant adsorption coefficient is represented by a line 
drawn from the point on the isotherm of the dis- 
placer, which corresponds to the concentration used, 
back to the origin. This is represented by the dot- 
ted line in Fig. 1. The adsorption coefficients of the 
substances will be the same at the point on their 
isotherms at which the line to the vrigin cuts the 
isotherm, and thus the steady state will be estab- 
lished determining the order in which the zones 
will migrate from the column. While the displace- 
ment continues, the components adjust themselves 
to the fixed values of the steady state as determined 
by the concentration of the developer chosen, and 
the zones move from the column. In the event an 
isotherm is of such a slope that it is not cut by the 
line of constant coefficients, this substance will move 
ahead of the other zones as a free peak, and is not 
influenced by the displacer. 


! The adsorption coefficient is represented as the ratio of 
amount adsorbed to the concentration (cc.2/Gm_)/C,r. 
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As is seen in Fig. 1, the choice of a displacer as 
20% ethyl acetate in n-hexane presents just such a 
condition in that the line of constant coefficients 
cuts the isotherm of limonene but not that of a- 
pinene. Thus if 20°% ethyl acetate were used as a 
displacer for a-pinene and limonene, the a-pinene 
should emerge as a free peak, and such is seen to be 
the case in the following separation. 


4 1 1 1 
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Fig. 1.—Adsorption on silica gel of a-pinene 
limonene, and ethyl acetate from n-hexane. A, 
Limonene; [1], a-pinene; O, ethyl acetate. 


Ten grams of silica gel was packed as a slurry in 
n-hexane into the column previously described. A 
sample of 2 cc. of a mixture of 15% a-pinene, ni? 
1.4660 and limonene, 1.4724 in n-hexane, 
1.3750 was added to the column. The displacer, 
20% ethyl acetate, m7? 1.3719 in n-hexane, was added 
after the last traces of the sample were washed onto 
the column with n-hexane. The rate of flow was 
adjusted to 0.5 cc. per minute, and the refractive 
indices were determined at 0.5-cc. intervals. Figure 
2 is a plot of the refractive indices vs. volume of the 
eluate. The depression of the refractive index just 
before the appearance of the a-pinene may be due to 
a displacement effect on the solvent. It is readily 
seen that ethyl acetate is too strongly adsorbed to 
allow a reasonable concentration of this substance 
to cut both isotherms in Fig. 1. If a steady state is 
to be established using ethyl acetate as a displacer 
the concentration of the displacer would have to be 
quite high in order to enable the line of constant 
adsorption coefficient to cut the isotherm of a- 
pinene. A better approach is to utilize a less 
strongly adsorbed substance as a displacer which 
would allow the isotherm of a-pinene to be cut at a 
lower concentration due to the decreased adsorption 
rather than an increase in concentration. The 
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Fig. 2.—-Displacement analysis of limonene and a- 
pinene with ethyl acetate. 


aromatic hydrocarbon toluene was utilized for this 
purpose. 
The adsorption isotherm of toluene from n- 
hexane was determined as before, and a composite 
diagram of the isotherms of toluene, a-pinene, and 
limonene from n-hexane is presented in Fig. 3. 
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Fig. 3.—Adsorption on silica gel of a-pinene, 
limonene, and toluene from n-hexane. A, Limo- 
nene; (], a-pinene; O, toluene. 


The line of constant adsorption coefficient from 
the equilibrium concentration of 25° toluene cuts 
both isotherms, and thus should resolve a mixture 
of the terpene hydrocarbons into individual zones in 
the diagram. A sample of 2 cc. of 10% limonene 
and 15% a-pinene in n-hexane was analyzed on 10 
Gm. of silica gel using 25% toluene in n-hexane as 
the displacer. Figure 4 is the diagram of the refrac- 
tive index vs. the volume of the eluate. 

It is seen in Fig. 4 that a-pinene no longer runs 
ahead as a free peak as in Fig. 2, but now is incor- 
porated into the system at a concentration dictated 
by the point at which the line of constant coefficient 
cuts its isotherm. This fact is as would be expected 
because it is seen in Fig. 3 that the line of constant 
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Fig. 4. eee analysis of a-pinene and 
limonene with toluene. 


coefficient cuts the isotherm of a-pinene. This is 
in agreement with the theory of displacement analy- 
sis as developed by Tiselius (1). 

In order to test this method on a more complex 
mixture of terpene hydrocarbons, 0.5 cc. of the ter- 
pene mixture of the oil of Amphiachyris dracuncu- 
loides was analyzed on silica gel. This mixture has 
been shown by the authors (12) to have the approxi- 
mate composition of a-pinene 4.5°%, 8-pinene 538° , 
limonene 24%, and 18°% of the sesquiterpene cadi- 
nene. Ten grams ofsilic a gel was used with a dis- 
placing agent of 25° toluene in n-hexane, and the 
procedure followed was essentially the same as in 
the other trials. Figure 5 shows the results of the 
analysis. Four breaks or steps are shown on the 
curve: a small initial step corresponding to the 
small amount of a-pinene present, a second, larger 
step corresponding to the 8-pinene present, an in- 
flection point corresponding to limonene, and a final 
step indicating cadinene. 


DISCUSSION 


It was shown in the experimental procedure pre- 
sented that changing from a strongly adsorbed dis- 
placer to one less strongly adsorbed decreases the 
separation of the hydrocarbons in agreement with 
the theory of displacement analysis. However, at- 
tention is called to the fact that, while 25% toluene 
in n-hexane allows limonene to appear as a zone in 
the analysis of a simple mixture, it does not give a 
definite separation of the terpene in more complex 
mixtures. 

Hagdahl (3) has shown the effect of reduced solu- 
bility in the increase in adsorption of fatty acids dis- 
placed by the next higher homolog. An incorpora- 
tion of this effect along with the use of a displacer 
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Fig. 5.—-Displacement analysis of the terpenes of the 
oil of Amphiachyris dracunculoides with toluene. 


of intermediate adsorption between ethyl acetate 
and toluene may allow a more distinct definition of 
the zone corresponding to limonene. 


SUMMARY 


1. Adsorption isotherms are given for a- 
pinene, limonene, toluene, and ethyl acetate in n- 
hexane on silica gel. 

2. The application of isotherms in predicting 
the nature of displacement diagrams of terpene 
hydrocarbons has been substantiated. 

3. Well-defined zones have been obtained in a 
synthetic binary mixture of terpene hydro- 
carbons. 

4. An application of displacement analysis to 
a mixture of terpene hydrocarbons isolated from 
natural sources is presented. 
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The Relation Between in Vitro Disintegration Time 
of Sugar-Coated Tablets and Physiological 
Availability of Riboflavin* 


By D. G. CHAPMAN, R. CRISAFIO, and J. A. CAMPBELL 


Many /n vitro disintegration procedures have been agape, but no attempt appears 
to have been made to assess their 4 ysiological validity in a quantitative manner. 
In the present a the U.S. P. XI ified for application 
to sugar-coated tablets. Simulated gastric and alkaline juices and a form of rub- 
bing action with a rubber disk were found to be essential. The validity of the modi- 
fied procedure was evaluated by a ns opens with measurements of the physiologi- 
cal availability of riboflavin in the tablets as determined by a human bioassay tech- 
nique. Results showed that tablets which did not disintegrate in vitre in sixty min- 
utes were not completely available to the human subject as judged by urinary excre- 
tion of riboflavin. An eight-hour urinary excretion test was found, in most cases, to 
be as reliable as the twenty-four hour test. Satisfactory bioassay results were ob- 
tained without the use of special diets. 


h 
disintegration test was m 


T= CLINICAL EFFECTIVENESS of tablets and 

capsules depends on at least two factors. 
The active principle must be present in the ex- 
pected or labeled amount and it must be available 
to the patient. Both the pharmaceutical indus- 
try and regulatory bodies appear to have made 
more progress in developing methods for the deter- 
mination of the ingredients of tablets, than for 
assessing their physiological availability. It is 
most desirable that disintegration tests should 
reflect the availability of a drug to the patient, 
but neither the British Pharmacopoeia ‘1) nor 
the U. S. Pharmacopeia XIV (2) have tests which 
have been evaluated on this basis. However, 
the U.S. P. XIV states (2) that a coating may be 
applied to official tablets and capsules, provided 
that it disintegrates in the alimentary tract and is 
composed of harmless ingredients. 

The importance of physiological availability 
has been recognized by the War Food Adminis- 
tration in the United States (Oser, et al. 3). 
They have required that the vitamins in products 
purchased by them, not only be present in suffi- 
cient total quantities, but also be in a form com- 
pletely available to the human when the product 
is swallowed whole. Oser and associates (3, 4) 
studied extensively the physiological availability 
of water-soluble vitamins in tablets and de- 
veloped a human bioassay technique for the 
direct determination of availability. The method 
is based on the urinary excretion following a test 
dose of the vitamin. More recently, Sobel and 
~* Received August 21, 1953, from the Food and Drug 
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Ottawa, Canada 
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Rosenberg (5) measured physiological availability 
of vitamin A by changes in the serum level. 

As pointed out by Kline (6), urinary excretion 
tests require rather close control of the diets of 
the test subjects. For this reason they are 
cumbersome to use as routine procedures. They 
are also costly and time-consuming. The need 
for the simplification of these tests or the de- 
velopment of in vitro procedures which have been 
correlated with them is obvious. 

Many in vitro and in vivo tests have been pro- 
posed to determine the disintegration time of 
tablets. A comprehensive review of pharma- 
copoeial methods with reference to compressed 
tablets has been compiled by Smith (7). He 
found that many pharmacopeias described stand- 
ard disintegration times for compressed tablets 
varying from five minutes in the Pharmacopoeia 
of Holland to thirty minutes in that of Russia. 
The U. S. P. provides individual limits which 
vary from thirty minutes for tablets such as 
acetylsalicylic acid and atropine sulfate, to four 
hours for thiamine and ascorbic acid tablets. 
In the case of coated tablets, the British Pharma- 
copoeia (1953) allows a period of sixty minutes 
for certain tablets while the U. S. P. XIV men- 
tions availability but does not fix a time limit for 
disintegration. According to Smith, the French 
Codex and the 1948 supplement of the Swiss 
Pharmacopoeia allow a two-hour disintegration 
time. Hoehn (8) reviewed the more recent 
methods for determining the disintegration times 
of both uncoated and coated tablets in vitro. 
Stephenson and Smith (9) suggested that phar- 
macopeial standards for disintegration times of 
sugar-coated tablets should exceed by at least 
thirty minutes the normal disintegration time 
for uncoated tablets, but should never be longer 
than two hours. 


‘ 
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Thompson and Lee (10) reviewed in vivo and in 
vitro techniques for determining the site and time 
of disintegration of enteric-coated tablets. Sev- 
eral workers including Lozinski and Diver (11) 
Andersen and Junager (12), and Maney and 
Kuever (13) traced the course of enteric tablets 
in the human by fluoroscopic and X-ray pro- 
cedures, the latter correlating their results with 
an in vitro test. 

Some investigators attempted to simulate in 
their in vitro techniques conditions which exist in 
vive. Abbott and Allport (14) used both simu- 
lated gastric and alkaline juices as well as slight 
agitation by a current of air in an attempt to 
duplicate more closely certain in vivo conditions. 
Hoyle (15) found no advantage in using an artifi- 
cial gastric fluid in place of water as the dis- 
integrating medium for uncoated tablets, but 
showed that temperature and speed of movement 
influenced disintegration time. Filleborn (16) 
pointed out that simple in vitro disintegration 
tests are of value only if shown to agree with in 
vivo disintegration times. As a result he de- 
veloped an “artificial stomach” in which he at- 
tempted to duplicate gastric juice, pH, hydro- 
static pressure, and peristalsis as found in the 
human stomach. Evanson and DeKay (17) 
introduced a revolving drum into their apparatus 
which they claimed provided a rolling wave-like 
action on the tablet similar to that of stomach 
contractions. This method was found to give a 
decided advantage in reproducibility of results 
over the Gershberg and Stoll method (18) which 
was later modified and adopted by the U. S. P. 


PERFORATED 
PLASTIC DISC 


WIRE SUPPORT FOR 
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BBER DISC 


IRE SCREEN 
TABLET 


Fig. 1.—Modifications of tube in U. S. P. XIV 
disintegration test for tablets. 
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XIV. In the latter, little attempt was made to 
reproduce physiological conditions. The agita- 
tion is gentle and neither force nor pressure is ap- 
plied directly to the tablets which are submerged 
continuously in distilled water. For coated 
tablets, Howard (19) showed that it was the var- 
nish coat and not the subsequent layers which 
had most influence on the disintegration of 
tablets in water. 

The limitations of all in vitro and in vivo dis- 
integration tests and of serial roentgenograms 
have been pointed out by Oser and his associates 
(3) who indicated that urinary excretion is the 
only true measure of physiological availability 
of the water-soluble vitamins. There appears 
to be practically no information available on the 
actual physiological validity, as judged by excre- 
tion studies, of any of the disintegration pro- 
cedures suggested. The importance of the 
physiological approach cannot be overestimated 
in the development of in vitro procedures. Quan- 
titative excretion data would seem to furnish a 
much sounder basis for these tests than has 
hitherto been possible. 

Preliminary data obtained in this laboratory 
suggested that there was a definite advantage 
in the use of simulated physiological juices rather 
than water as disintegrating media for sugar- 
coated tablets. The need for some form of light 
rubbing action on the tablet also became apparent 
from this work. The U.S. P. XIV apparatus for 
the disintegration of compressed tablets, which 
is simple and widely accepted, was used as the 
basis for the modified test. 

It is the purpose of this paper, therefore, to de- 
scribe a modified procedure for the disintegration 
of coated tablets and for the estimation of physio- 
logical availability, and to report the results of a 
study of the relation between them. 


METHODS 


Disintegration Test. Apparatus.—The  disin- 
tegration apparatus used was essentially that of the 
United States Pharmacopeia XIV (2) except that a 
3-L. beaker replaced the 1-L. beaker as the disinte- 
gration chamber, the tablets were subjected to 
light rubbing action by rubber disks, and perforated 
plastic disks were inserted in the tubes to standardize 
the distance traveled by the tablets and rubber disks. 
The two latter modifications are shown in detail 
in Fig. 1. The rubbing action on the tablet was 
supplied by a disk cut from the large end of a No. 2 
rubber stopper. These disks were polished on an 
emery wheel to a weight of approximately 1.35 Gm. 
so that they moved freely up and down in the tube. 
The plastic disk was set at a distance of 2 cm. above 
the wire screen. 

Media.—Simulated gastric and alkaline juices 
were used to replace water as the disintegrating 
medium and were prepared as recommended by Ab- 
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bott and Allport (14). The composition of these 
juices is shown in Table I. The disintegrating 
medium was held at 37° by means of a knife-edge 
heater and a thermostat. 


TaB_e I.—ComposiTION OF GASTRIC AND ALKALINE 
JuIces 
Simulated Gastric Juice (PH 1.6) 
Sodium chloride 
Potassium chloride. . . 
Calcium chloride. . 
Pepsin B. P 
1 N Hydrochloric acid... 
Distilled water to make... 


Simulated Alkaline Juice (oH 8.0) 
Pancreatin B. P.. 


Sodium bicarbonate 
Distilled water to make... . 


2.8 
15.0 
1,000 

Procedure.—One tablet was placed in each of the 
six tubes and the rubber disks inserted so that they 
rested horizontally on the tablets. The plastic 
disks were placed in position as shown in Fig. 1. 
The level of the juices was adjusted so that the top 
of the basket did not go below the surface of the 
liquid at any time. The basket-rack assembly was 
immersed in the gastric juice at 37° and the motor 
was started. If the tablets did not disintegrate in 
thirty minutes, they were removed from the gastric 
juice and placed in alkaline juice until all the tablets 
had disintegrated. The disintegration time for a 
product was taken as the mean disintegration time 
of the six tablets. In spite of the larger volume of 
liquid which was used to reduce the cloudiness, it 
was occasionally found necessary, with some tablets, 
to stop the disintegration apparatus and lift the 
basket out of the medium to observe the state of 
disintegration. To reduce this cloudiness it was 
also found helpful to filter the pancreatin solution 
before adding the sodium bicarbonate and diluting 
to 1,000 ml. If, as happened occasionally, a tablet 
stuck between the rubber disk and the tube it was 
separated manually by means of a long thin spatula. 

Physiological Availability.—The method used to 
determine the physiological availability of ribo- 
flavin was essentially that of Melnick, Hochberg, 
and Oser (4) who showed that there was a linear 
relationship between the dose of riboflavin and the 
amount excreted in the urine. 

Subjects —Ten normal males employed in the 
Food and Drug Laboratories volunteered as sub- 
jects. They were shown to be receiving nutrition- 
ally adequate diets as indicated by the recovery of 
the test dose of riboflavin. While on test, they were 
permitted to continue to consume their regular 
meals but were cautioned to eat meals which were 
similar in nature from day to day, and to refrain 
from eating foods such as liver, which are known to 
be high in riboflavin. In this respect the technique 
was different from that of Oser and his associates 
(4) and Kline (6) who supplied the same diet to all 
subjects on test. 

Assay Periods.—The riboflavin standard or sam- 
ple tablet was taken at about 8 a. m. immediately 
after breakfast and the urine was collected for the 
next twenty-four hours in two portions, the first 
eight-hour excretion and the second sixteen-hour 
excretion. Collections were made in brown bottles 
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containing 10 ml. of 3.5 N sulfuric acid. A blank was 
obtained for each standard and each unknown on 
the preceding day, as follows: Monday—The blad- 
der was emptied just before breakfast and the urine 
collected for the following twenty-four hours in two 
lots. The riboflavin found in this sample served 
as the basal excretion for the standard taken the 
following day. Tuesday—Riboflavin, 5 mg., con- 
tained in the standard compressed tablet (three 
minute disintegration time) was swallowed whole 
immediately after breakfast. The urine was again 
collected for the next twenty-four hours in two lots. 
Wednesday—No collections were made. Thursday— 
Urine was collected as before and served as the basal 
excretion for the unknown. Friday—An unknown 
tablet or tablets containing approximately 5 mg. of 
riboflavin was taken immediately after breakfast 
and the urine again collected as before. 

Where the riboflavin excretion from the standard 
was not determined each week, the most recent 
figure was used for comparison with the unknown 
sample. No difference was noted between the avail- 
ability calculated from the standard excretion of the 
same week and that from the mean of all excretion 
values for the standard. 

Determination of Riboflavin.—Riboflavin in the 
tablets and in the urine was determined by the 
U.S. P. fluorometric procedure (2). All calculations 
of availability were based on duplicate determina- 
tions of riboflavin in the tablets. 

Availability of Riboflavin —In Table II riboflavin 
excretion figures are shown to illustrate how the 
availability, in per cent, was calculated for the 
twenty-four-hour period. In the same way, by 
using the eight-hour excretion values for both sample 
and standard, the availability on the eight-hour 
basis was determined. 


Taste IIl.—Meruop or CALCULATION OF PER CENT 
AVAILABILITY OF RIBOFLAVIN 


Excretion of Riboflavin in 24 Hours oe 
Control Period 


Riboflavin 
5 meg from 
Unknown, Unknown, 
mg. mg. 


1.96 


Per cent availability = 3 xX 100 = 48% 


RESULTS 


Disintegration Test.—One of the first questions 
that arose in this work was whether water or 
simulated gastric and alkaline juices should be used 
as disintegration media. Table III presents a com- 
parison of disintegration times of a series of coated 
tablets determined in the simulated juices and in 
water. No rubbing action was used in these tests. 
It may be noted that tablets which have similar dis- 


Tuesday, 
After 
. Monday, Dosage of Riboflavin 
Basa! 5 mg from Standard 
Excretion, Standard, Standard, Excreted, 
me mg. mg. % 
0.88 3.46 2.58 52 
Test Period 
Friday, 
After 
Thursday, 
Basal Unknown 
excretion, Excreted, 
mg % 
0.72 7 1.24 25 
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OF DISINTEGRATION TIME 
or TABLETS IN WATER AND IN GASTRIC AND ALKA- 
LINE JUICES 


Time in Minutes 
Ww 


Juices’ 


" @ ‘Thirty minutes in gastric juice, balance of time in alkaline 
juice 
» Did not disintegrate. 


integration times in the juices may have widely 
different disintegration times in water alone. Some 
tablets are so resistant to disintegration in water that 
it might be questioned if this disintegration time is 
not affected out of all proportion by the presence of 
a coating which is insoluble in water alone. In 
these cases it would seem that such figures are more 
or less meaningless. Furthermere. since a tablet, 
in passing through the alimentary tract, is subjected 
to both acid and alkaline treatment it seemed logical 
to use these media as the basis for the test. Ex- 
perience with these tests also indicated that sharper 
end points of disintegration were essential and sug- 
gested the need of some form of rubbing action. 

The advantage of using rubber disks to supply 
rubbing action is shown in Table IV. The disinte- 
gration time of six tablets of each of five brands was 
determined both with and without disks on three 
separate days. In each case an analysis of variance 
was carried out on the results obtained. Table IV 
shows the mean time of disintegration for each brand 
as well as the average variation within the groups 
of six tablets as measured by the variance and by the 
coefficient of variation. The latter is probably the 
more appropriate measure of variation since the 
mean disintegration time varied considerably be- 
tween brands and with or without rubber disks. 
Judged in this way there was markedly less variation 
with rubber disks than without them. There was 
more variation within some brands of tablets than 
in others. It was noticed that with rubbing action, 
sharp end points were obtained for all tablets tested. 
Without rubbing action, end points were more 
variable and some were unduly prolonged. This 
was caused by some tablets remaining as soft gummy 
masses of varying sizes which were too large to pass 
through the screen. Thus the difference in disin- 
tegration time with and without rubbing action 
varied with the type of tablet. 
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In order to study possible sources of variation in 
the recommended procedure three tablets were dis- 
integrated on each of four days and records were 
kept of the position of each tablet in the basket so 
that variation in this factor could also be studied. 
The results of an analysis of variance of the data 
are shown in Table V. Mean disintegration times 
for the three types of tablets were 35, 47, and 136 
minutes. The test appeared remarkably stable 
since there was no significant variation between 
positions or days or in any of the interactions. 

Physiological Availability Test.—Twenty-five 
brands of coated tablets containing riboflavin and 
representing the production of 15 manufacturers 
were examined in the present study. The mean 
disintegration time (in vitro) was determined on six 
tablets from each sample. The physiological avail- 
ability of the riboflavin in each of the samples was 
determined after ingestion by each of the ten sub- 
jects, or by as many as were available for test at a 
given time. 

In order to determine their suitability for this 
study each subject was repeatedly given 5 mg. of 
riboflavin in an uncoated tablet which was known 
to disintegrate within three minutes and the per 
cent of the dose excreted was calculated. The av- 
erage values for each individual for both the eight 
and twenty-four hour periods are shown in Table 
VI. The results indicated that all of the subjects 
were receiving adequate amounts of riboflavin and 
therefore would be suitable to participate in the 
project. The mean excretion value for the 10 sub- 


Fig. 2.—Relation between the mean availability 
of a in tablets and the range of individual 
values. 


Tasie 1V.—-Errect oF RusBer Disks ON MEAN DISINTEGRATION TIME AND PRECISION OF TEST 


With Rubber Disks— 
Mean Disint 


— Without Rubber Disks————-—-— 
Mean Disint , 


Tablet 
A 30 35 
B 45 5O 
Cc 45 75 
D 60 
E 65 85 
F 75 180 
G 90 180 
H 90 180° 
I 165 240" 
. 
. 
- . 
* 
e 
. 
ee 
° to 100 (to 
ime, ariation, ime “rror ariation, 
Tablet Min Variance % Min Variance % 
J 36.0 6.0 6.8 56.1 227.8 26.9 
kK 38.5 11.6 8.8 55.3 73.3 15.4 
L 66.9 107.5 15.4 128.6 758.9 21.5 
M 75.2 69.7 11.1 159.4 464.4 13.5 
N 88.8 55.2 8.3 152.0 341.7 12.1 


May, 1954 


TaBLe \.—ANALYSIS OF VARIANCE OF DISINTEGRA- 
TION TIMES OF THREE TABLETS OBTAINED ON FouR 


Days 
Mean 
Sources of Variation DF Squares 
Total 71 
Tablets 2 16,604 
Positions 5 9.4 
Days 3 31.0 
Tablets X Positions 10 39.5 
Tablets X Days 6 
Position X Days 15 65.7 
Tablet X Positions X 
35.1 


Days 30 


jects was 39 + 4% of the standard in the eight 
hour period and 47 + 5% in the twenty-four hour 
period. These results showed that the riboflavin 
excreted in the first eight hours amounted to 83% of 
that excreted in twenty-four hours from a readily 
available tablet. The variation of the eight-hour 
figures was essentially the same as that of the twenty- 
four hour values. 

Variation between individual subjects in their 
urinary riboflavin excretion was found to be a much 
more important factor with some samples than with 
others. Data obtained on the standard was rela- 
tively uniform while on some unknown tablets there 
was as much as 100% difference in availability 
between two individuals. The distribution of this 
variation, expressed as the difference between the 
maximum and minimum value for each tablet, is 
shown graphically in Fig. 2. The widest range be- 
tween individuals obviously occurred in the middle 
area where one subject utilized a tablet satisfactorily 
while another subject did not. The eight-hour data 


Tas_e VI.—-RIBOFLAVIN EXCRETED IN THE EIGHT 
AND TWENTY-FoUR Hour Perrops AFTER THE 
INGESTION OF 5 MG. OF STANDARD* 


Excretion Riboflavin 


Basal After from Dose 
Excretion, Test Dose, Test Dose, Excreted, 
Subject meg. mg. mg. % 
In 8-hour period 
A 0.415 2.342 1.927 39 
B 0.374 2.377 2.008 40 
ts 0.340 2.388 2.048 41 
D 0.382 2.361 1.979 40 
E 0.280 2.122 1.842 37 
F 0.329 2.029 1.700 34 
G 0.300 2.127 1.827 37 
H 0.252 2.722 2.470 49 
I 0.288 2.073 1.785 36 
J 0.5538 2.557 2.004 40 
In 24-hour period 
A 0.974 3.359 2.385 48 
B 0.703 3.311 2.608 52 
Cc 0.966 3.5380 2.564 5l 
D 1.028 3.101 2.073 41 
E 0.850 3.081 2.231 45 
F 0.52: 2.384 1.861 37 
G 0.623 3.0385 2.412 48 
H 0.350 2.997 2.647 53 
1 0.698 2.921 2.223 44 
J 1.063 3.481 2.418 48 


* Figures represent means of 2 to 10 separate determina- 
tions. 


Screntiric Eprrion 


301 


show the same trend as the twenty-four hour 
figures. 

Relation between Disintegration Time and Physi- 
ological Availability—The detailed data on the 
in vitro disintegration times and the physiological 
availabilities of the twenty-five tablets examined 
are shown in Table VII. Mean \»mes for each 
tablet are plotted in Fig. 3. These results showed 
that there were few tablets which had a disintegra- 
tion time greater than sixty minutes and yet were 
physiologically available. This limit of sixty 
minutes in disintegration time thus afforded a useful 
distinction between those tablets which were avail- 
able and those which were not. Tablets No. 18 
and 19 were possible exceptions and were examined 
further. By repeated analysis of aliquots of the 
disintegration media it was shown that the riboflavin 
was leached out of these tablets before they disinte- 
grated. This was further substantiated by the 
fact that the range between the eight and twenty- 
four hour values for tablets 16, 18, and 19 was 
markedly greater than that for tablets which were 
classed as available, the low eight-hour values pre- 
sumably being an indication of the slow leaching 
of riboflavin rather than disintegration of the tablet. 
There were insufficient tablets of No. 16 to determine 
if the riboflavin also tended to leach out before dis- 
integrating. In contrast, tablet No. 15 which con- 
formed to the premise showed no appreciable leach- 
ing-out of the riboflavin until the tablet disinte- 
grated. 


AVAILABILITY IN PERCENT 


. 
wrens ope 


DISINTEGRATION TIME IN HOURS 
Fig. 3.—Relation between disintegration time of 
tablets and mean per cent availability of riboflavin. 


Data for both eight and twenty-four hour periods 
are given in Table VII. It appeared that there was 
good correlation between the methods. With one 
or two exceptions tablets which have been found to 
be available by the twenty-four hour test would not 
be penalized by the eight-hour procedure. Tablets 


which might be considered to exhibit different avail- 
abilities by the two tests were borderline cases and 
were not fully available to all subjects on the twenty- 
four hour test. 
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Further data are also shown on the effect of rub- 
bing action of the disks. As noted previously rubber 
disks reduce disintegration time in some cases. 
For most of the tablets the range of individual dis- 
integration times for the six tablets is less with 
rubbing action than without. 


DISCUSSION 


The subject of disintegration of tablets has been 
investigated in the past from various approaches. 
Attempts have been made to simulate in vivo con- 
ditions in a variety of ways but no in vitro method, 
in itself, can be entirely successful because it is not 
possible to reproduce completely all physiological 
conditions. Thus all im vitro tests, regardless of 
how they may attempt to duplicate physiological 
conditions must be considered to represent a more 
or less arbitrary or empirical approach to the sub- 
ject. It is therefore essential that any in vitro 
disintegration test, if it is to be considered valid, 
must be correlated at some stage with a ouantita- 
tive measure of physiological availability. Urinary 
excretion as determined in the human bioassay 
technique appears to be the most reliable criterion 
available. 

The fact that a relationship was established be- 
tween the in vitro test and physiological availability 
substantiated the importance of two factors which 
were incorporated into the disintegration test. 
Gastric and alkaline juices appeared to be necessary 
as disintegration media to act on certain constitu- 
ents of the tablets, especially those present in the 
coatings. If the coatings resisted the action of a 
particular medium, the tablet did not break down 
and the disintegration time was, in some cases, cut 
of all proportion to the availability of the ingredients 
in the tablet. Slight rubbing action on the tablet 
was found to be necessary supporting the earlier 
suggestions of Evanson and DeKay (17). Those 
tablets which become soft and gummy would be 
available, yet without rubbing action they have 
unduly prolonged disintegration times. The test 
was found to be objective and did not depend on 
personal interpretation of the disintegration end 
point 


It is interesting to consider the results of the dis- 
integration test in relation to the physiological avail- 
ability of riboflavin in various types of tablets. 
In general, those tablets which disintegrated in sixty 
minutes or less were available, while those that 


took longer to disintegrate were not. While availa- 
bility was considered to be satisfactory if the mean 
excretion of different individuals was more than 70% 
of the standard excretion, it was realized that this 
mean could include individual values representing 
incomplete utilization. For the exceptions noted, 
it has been shown that riboflavin had leached out 
before the tablet had completely disintegrated. 
This resulted in a relatively high availability in spite 
of a long disintegration time. Such a tablet would 
be considered unsatisfactory if judged on the basis 
of disintegration time. This would seem to be 
correct, for other constituents might still be unavail- 
able in the absence of complete disintegration. A 
similar discrepancy between the two tests could exist 
in a multilayered tablet where the active principle 
is on the outside of a relatively impervious coat. 
Obviously the ingredient investigated, in such a 
case, must be in the inner core of the tablet. On 
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the other hand, a tablet may disintegrate within a 
reasonable time but as pointed out by Oser, et al. 
(3), the drug may be adsorbed by other constituents 
of the tablet and not appear in the urine. In such 
cases, disintegration tests will obviously not reflect 
physiological availability. Consequently, in com- 
paring these procedures consideration should be 
given to these factors. 

The importance of variation in the response of 
human subjects should be emphasized. As was 
shown in Fig. 2, relatively better agreement was 
obtained between subjects on those tablets which 
were either readily available or relatively unavailable 
than on those tablets in the middle part of the avail- 
ability scale. In Table VII there appeared to 
be more variation between individual data for un- 
known tablets than was previously found for the 
standard preparation. For example, it was noted 
that subjects B, F, G and J tended to obtain a 
greater proportion (average 61.7%) of riboflavin 
from the less readily available tablets, Nos. 13 to 25, 
than did subjects A, C, D, E and H (average 30.6%). 
While from a practical standpoint neither of these 
values represent satisfactory availability, it was of 
interest to investigate the question further. On 
studying the rate of riboflavin excretion of the 
standard preparation it was noted that the former 
individuals tended to excrete a lower proportion of 
riboflavin in the first two hours after taking the dose 
than did the latter group. These data would sug- 
gest that physiological differences in individuals may 
be a factor in their utilization of such preparations. 
Further reference to Table VII indicates that the 
variation between individuals is more random in 
those tablets which are more readily available—that 
is numbers 1 to 12. The means for the two groups 
in this case were 93.4 and 95.7%. While these data 
as a whole serve to illustrate the magnitude of vari- 
ability of the test, it does not appear to be as import- 
ant in those tablets which approach either end of 
the availability scale. Obviously, to obtain reliable 
results a sufficient number of subjects must be used 
to allow for differences between individuals. 

The advantages of the availability test based on 
an eight-hour urinary excretion are obvious. While 
the eight-hour figures are, on the whole, approxi- 
mately 10% lower than the twenty-four hour values 
there is essentially no difference in their interpreta- 
tion of availability. The differences observed be- 
tween the two values are undoubtedly caused by 
the fact that the eight-hour data are influenced to 
a greater extent by the time taken for the tablet to 
disintegrate in the alimentary tract. In some cases, 
the eight-hour values agree better with the disinte- 
gration tests than do the results of the twenty-four 
hour tests. While the departure from diets of 
known weight and composition undoubtedly sacri- 
fices a certain amount of precision the fact that coeffi- 
cients of variation of determinations on the standard 
preparation are of the order of 4 to 5% indicates that 
the test itself is reliable. 

No data have been obtained on the general ap- 
plicability of this test to tablets containing other 
medicinal ingredients. Oser, et al. (3), have shown 
that several B vitamins and ascorbic acid exhibit 
similar excretion curves. Since riboflavin is proba- 
bly the least soluble of those studied, it might be 
expected that if the riboflavin in a tablet were avail- 
able other water-soluble vitamins would also be 
available. 
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Some of the tablets investigated were enteric 
coated. These tablets would appear to differ only 
in the fact that they must withstand some minimum 
disintegration time in gastric juice as well as meet 
the disintegration test described. The addition 
of some minimum criterion for these tablets such as 
one hour in gastric juice is a possibility, but has not 
been investigated. 


SUMMARY 


1. The U. S. P. XIV disintegration test for 
compressed tablets has been modified for sugar- 
coated tablets by employing simulated gastric 
and alkaline juice and rubber disks to provide 
rubbing action. The validity of this procedure 
has been assessed by comparison with estimates 
of the physiological availability of riboflavin in 
the tablets as determined by the human bioassay 
technique. 

2. It was found that there was a relationship 
between the disintegration times, as determined 
by this test, and the physiological availability of 
the riboflavin in the tablets. Tablets which did 
not disintegrate in sixty minutes were not com- 
pletely available to the human subjects. 

3. The eight-hour urinary excretion test was 
found to be much less cumbersome and equally 
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as satisfactory as the twenty-four hour test. 
Satisfactory bioassay results were obtained 
without the use of special diets. 
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The Efficiency of Dihydroxy Aluminum 
Aminoacetate in Phosphate Insolubilization 


* 


By ROBERT S. MURPHEY and DAN L. KENDRICK 


An in vitro comparison of the efficiency of several aluminum type antacids in the 


roxide gel and powder, an uminum car- 


— aminoacetate, aluminum 


Included in the study are dihydroxy 


bonate gel. The in vivo effectiveness al dihydroxy aluminum aminoacetate in phos- 
phate diversion from urinary tract to intestinal tract is also shown. 


T= POSSIBLE VALUE of aluminum compounds 
in the treatment of individuals with a 
tendency to formation of renal phosphatic calculi 
was first suggested by Shorr (1) in 1945. Shorr 
and Carter (2) reported successful management 
of this condition in 22 patients by the adminis- 
tration of large doses of aluminum hydroxide or 
aluminum carbonate gels over periods of as 
much as seven years. Barrett (3) in a series of 
34 patients and Marshall and Green (4) in a series 
of 37 patients have fully confirmed the findings 
of Shorr. 


s Received August, 28, 1953, from_ the Research Labora- 
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Freeman and Freeman (5) first reported in 
1941 the successful use of aluminum hydroxide 
gel for the reduction in concentration of inorganic 
phosphorus in the serum and urine of a series of 
children with chronic renal insufficiency. Using 
120 cc. of the gel daily they succeeded in cor- 
recting hyperphosphatemia and hypocalcemia 
in the children with uremia. More recently, 
Page and Page (6) have demonstrated the effec- 
tiveness of aluminum hydroxide tablets in the 
relief of leg cramps in pregnancy through intes- 
tinal insolubilization of phosphate, thereby pro- 
ducing a shift in the plasma calcium/phosphate 
ratio. 


284(1946) 
(19) Howard, W. R., J. Pharm. Pharmacol., 3, 777(1951.) 
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The usual practice in the control of renal phos- 
phatic calculi by employment of colloidal alu- 
minum preparations has been to put the patients 
on a diet providing a phosphorus intake of 1.0- 
1.3 Gm. per day. While the normal urinary 
excretion of phosphorus is about 1.0 Gm. per 
day it is considered desirable to reduce this to 
less than 300 mg. per day in phosphatic calculi- 
susceptible persons. To accomplish this in con- 
junction with the diet it is necessary to give 160 
cc. of aluminum hydroxide gel (3.36 Gm. of 
aluminum) or 120 cc. of aluminum carbonate 
gel (3.24 Gm. of aluminum) per day. 

Adequate control of the aluminum treatment 
is facilitated by the use of a simplified method 
for the determination of inorganic urinary phos- 
phate, which requires only readily available 
chemicals and equipment. Such a method was 
described by Taussky and Shorr (7) recently. 

It appears that the gels are much more effec- 
tive than tablets of hydrated alumina in the in- 
solubilization of phosphate in the gastrointes- 
tinal tract, which reduces the absorption of 
phosphate from the intestine and ultimately 
diminishes excretion of phosnhate by the kidneys. 
For example, experiments by Shorr (1) show the 
aluminum hydroxide gel to be one and one-half 
times as effective as the dried powder on the basis 
of aluminum content. Thus approximately 5.0 
Gm. of aluminum in the form of hydrated alu- 
mina tablets is required to do the same work as 
3.36 Gm. of aluminum in the form of aluminum 
hydroxide gel with respect to the reduction of 
the urinary excretion of phosphorus. 

Since it is generally known that aluminum hy- 
droxide gels are not uniform in composition and 
vary with the method of manufacture (1) and 
since the blandness of the gel becomes monoto- 
nous (4) and is distasteful to some persons, it 
was felt that an examination of the phosphate 
combining ability of a pleasant-tasting solid 
preparation of dihydroxy aluminum aminoace- 
tate' (DAA) might furnish some significant in- 
formation concerning the value of this compound 
as a phosphate immobilizing agent in the treat- 
ment of renal phosphatic calculi and in the relief 
of pain from leg cramps in pregnancy. Several 
studies (8-13) have shown DAA to be a highly 
effective antacid, but up to this time no consider- 
ation has been given to its possible utility in the 
control of phosphate absorption. Since the 
amount of phosphate which can combine with 
aluminum to form aluminum phosphate is de- 
pendent on the amount of aluminum ions present, 
it follows that the aluminum-type antacid which 


\ Robalate® tablets, A. 11. Robins Company, Inc., Rich- 
mond, Va. 


ScrENTIFIC 


305 


is most effective as an antacid will also furnish 
the greatest relative amount of aluminum ions. 
It has been shown that DAA is a very effective 
antacid and, therefore, one would expect it to 
be quite effective also in the immobilization of 
phosphate. This is now shown to be the case. 


EXPERIMENTAL 


In vitro.—The method used for the reaction of 
the aluminum compound with artificial gastric 
juice has been previously described (11). Four 
powdered DAA tablets were added to a stirred 
solution of 150 cc. of pH 1.5 hydrochloric acid con- 
taining 2.0 Gm. per L. of pepsin, N. F., in a thermo- 
statically controlled bath maintained at 98.6° F. 
At the end of ten minutes, 20 cc. of the acid-antacid 
mixture was withdrawn and replaced by 20 cc. of 
fresh acid-pepsin solution. The 20-cc. portions 
were withdrawn and replaced by fresh 20-cc. por- 
tions each ten minutes over a two-hour test period. 
As each 20-cc. portion was withdrawn it was added 
to a known excess of monobasic potassium phosphate 
and the mixture adjusted to pH 6.9 by the addition 
of 10° sodium carbonate solution for maximum 
precipitation of the aluminum phosphate. The sus- 
pension was filtered at once and the concentration of 
phosphorus remaining in solution was determined 
spectrophotometrically by the Bodansky method 
(14) for the determination of serum phosphate. At 
the end of the two-hour test period ‘e phosphate 
insolubilizing ability of the remais:s5 150 cc. of 
mixture was determined and the total amount of 
phosphorus bound as aluminum phosphate was cal- 
culated. Similar tests were run on equal amounts 
of aluminum as occurring in powdered hydrated 
alumina tablets, aluminum hydroxide gel, and 
aluminum carbonate gel. All determinations were 
made in duplicate, with close agreement between 
runs. 

In vivo.—While on a normal diet one of the auth- 
ors (R. S. M.) collected the total twenty-four hour 
urine each day for seven days and total phosphorus 
excretion was determined by the Bodansky method 
(14). After this seven-day control period, with a 
continuation of the normal diet, the ingestion of 
DAA Tablets was started, with the tablets being 
taken at the rate of 16 per day, four after meals 
and four before retiring. Twenty-four hour urine 
samples were collected and total inorganic phos- 
phorus determined as before. 


RESULTS AND DISCUSSION 


Table I shows the results of the comparison be- 
tween equal amounts of aluminum as occurring in 
the various antacids considered. Choosing hy- 
drated alumina tablets as the standard for compari- 
son, the relative effectiveness of the various forms 
of aluminum is shown. 

The data shown in Table I indicate that the solid 
antacid, dihydroxy aluminum aminoacetate, is more 
effective in the insolubilization of phosphate than is 
either of the two widely used liquid colloidal alum- 
ina preparations and one tablet form of hydrated 
alumina. Tablets of DAA are more than twice as 
effective as tablets of hydrated alumina when com- 
pared on the basis of equal amounts of aluminum. 
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Taste I.—INORGANIC PHOSPHORUS REMOVAL BY 
EQUIVALENT Doses oF ANTACIDS 


= 


Alu- Dihydroxy 
minum- Aluminum 
Carbon- Amino- 

ate acetate 
Tablets Tablets 


drated 
Alumina 
Tablets 
Aluminum 
input, mg. 
Phosphorus 


342.0 342.0 342.0 342.0 


251.2 327.9 
211.0 275.6 


119.0 


standard 


100.0 


If one calculates the theoretical amount of phos- 
phorus which the aluminum used should remove, 
then one finds that the DAA tablets actually remove 
as much as 96% of the calculated amount of phos- 
phorus while tablets of hydrated alumina remove 
only 43° of the theoretical amount. 

While the results of the in vitro tests indicate that 
DAA should be a highly effective form of aluminum 
for the immobilization of phosphate in the intestinal 
tract, the proof of its value in this respect is to be 
found in the lowering of the twenty-four hour urine 
phosphorus excretion. Table II shows the results 
of the in vivo studies with the subject on an un- 
restricted diet throughout the control and test 


periods. 


Taste Il.—Errecr or Dirnyproxy ALUMINUM 
AMINOACETATE TABLETS ON URINARY INORGANIC 
PHOSPHORUS EXCRETION 


Normal Diet + 
Normal Diet, 16 DAA Tablets, 
ym_/ 24 Hr Gm_./24 Hr 
49 0.565 
85 748 
57 624 
614 
51 684 
22 518 
38 608 


> 


The calculated aluminum input was 1.37 Gm. per 
day and the average diversion of 0.951 Gm. of in- 
organic phosphorus from excretion via the urinary 
tract to elimination through the intestinal tract 
represents an efficiency of 60.7°%. No effort was 
made to adjust dosage of DAA or diet to reduce the 
inorganic phosphorus excretion below the 300 mg. 
per day level considered desirable in the control of 
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renal phosphatic calculi since the principal objective 
was to demonstrate the potential usefulness of DAA 
in those conditions where reduction of urinary ex- 
cretion of inorganic phosphorus was desirable. The 
in vivo results suggest that less than 16 tablets of 
DAA (each containing 0.5 Gm. DAA, N. N. R.) 
would be required to maintain the inorganic urinary 
phosphorus excretion below the 300 mg./day level 
if the patients were placed on a diet which limited 
phosphorus intake to approximately 1.0 Gm./day. 


SUMMARY 


1. The in vitro evaluation of dihydroxy alu- 
minum aminoacetate as an agent for insolubilizing 
phosphate in the intestinal tract and thereby 
decreasing urinary phosphorus excretion is re- 
ported. 

2. On the basis of the aluminum content, di- 
hydroxy aluminum aminoacetate is shown to be 
more effective than aluminum hydroxide gel, 
hydrated alumina or aluminum carbonate prepa- 
rations. 

3. Results obtained in vivo using one human 
subject, substantiate the deduction drawn from 
in vitro tests regarding the potential usefulness 
of dihydroxy aluminum aminoacctate in those 
conditions where diversion of phosphate from the 
urinary tract or shift of an abnormal serum cal- 
cium/phosphorus ratio is desirable. 
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Quantitative Determination of Slightly Soluble Salts 
by Means of Ion Exchange" 


By EINAR BROCHMANN-HANSSEN 


An ion exchange met 
has been 


for the quantitative determination of slightly soluble salts 
The procedure, which has been applied to a number of chemi- 
cals and to two tablet preparations, gives reproduci 


le and reliable results. It 


has the further advantage of requiring little technical skill on the part of the operator 
and permits a considerable saving of time. 


HE APPLICATION of ion exchange in analytical 

chemistry is not new. It was suggested as 
early as 1909 (1) and used occasionally for various 
analytical purposes during the years to follow 
(2, 3). However, it was not until Adams and 
Holmes (4) in 1935 succeeded in preparing the 
first synthetic ion exchange resins that analytical 
chemistry began to make extensive use of this 
new tool. 

The introduction during the last few years of 
ion exchange resins containing various functional 
groups and varying in physical characteristics, 
capacity, porosity, degree of ionization, and 
selectivity has greatly stimulated the interest 
in this phenomenon, and has resulted in many new 
contributions to the field of analytical chemistry. 

The general procedure for analyzing a soluble 
salt by means of ion exchange is to pass a solution 
of the salt through a column containing a cationic 
exchange resin in the hydrogen form. The acid 
formed by the exchange of cations is then washed 
through the column and determined by titration 
or in some other manner. An_ alternative 
method, used mainly for salts of organic bases, 
makes use of a column containing an anionic ex- 
change resin. The anions of the organic salt 
will be exchanged for hydroxyl ions, resulting 
in the liberation of the free organic base which 
can be washed through the column and deter- 
mined quantitatively. 

These methods are not suitable for salts of low 
solubility. During an investigation of possible 
improvements in the analysis of calcium man- 
delate, we observed that this compound rapidly 
underwent ion exchange when shaken with a 
suspension of a cationic exchange resin of the 
sulfonic acid type. Upon filtration and washing 
of the resin, the mandelic acid could be recovered 
quantitatively. This observation led to the in- 
vestigation of even less soluble salts. The work 


* Received August 21, 1953, from the University of Cali- 
fornia College of Pharmacy, San Francisco, Calif 

Presented to the Scientific Section, A. Pu. A., Salt Lake 
City meeting, August, 1953 

After completion of the experimental work reported in this 

, G. Osborn, The Analyst, 78, 220(1953), has de- 

scribed the determination of certain insoluble salts by means 
of the same technique. 


revealed that many substances which usually are 
considered insoluble could be determined quanti- 
tatively by this very simple technique. 


EXPERIMENTAL 


The ion exchange resin used in these experiments 
was Dowex® 50 — X,' (50-100 mesh). It was ac- 
tivated with 5 N hydrochloric acid in a chromato- 
graphic tube, having a capacity of about one-half 
pound of resin. The excess of acid was removed by 
washing with distilled water until the filtrate showed 
no turbidity with silver nitrate test solution. The 
excess of water was removed by suction, but the 
resin was not allowed to dry out. It was stored ina 
closed container. 

Analytical Procedure.—The salt to be analyzed 
was weighed into a 125-cc. Erlenmeyer flask, and 
a weighed amount of activated ion exchange resin 
was added. After addition of a measured volume 
of distilled water, the flask was stoppered with a 
cork, and the mixture was sheken in a mechanical 
shaker. When the ion exchange reaction was com- 
plete, the mixture was filtered through a small but 
firmly pressed cotton plug at a rate of about 1 to 3 
drops per second. The Erlenmeyer flask as well as 
the resin in the funnel was washed out with several 
small portions of hot water, totaling about 100 cc. 
After addition of the indicator the acid in the filtrate 
was titrated with 0.1 N sodium hydroxide. 

The amount of substance to be analyzed and the 
amount of resin needed, the volume of water, as 
well as the time of shaking, were dependent upon the 
ease with which ion exchange took place. Occas- 
sionally it was necessary to add the water hot or 
even to heat during the shaking period in order to 
get complete reaction in a reasonable time. Heat 
was applied by means of a reflector type heat lamp. 

The compounds and preparations analyzed by 
this method, the conditions imposed, as well as the 
results of the analyses are summarized in Table I. 
Methyl red was used as indicator for the titration of 
strong acids, i. e., hydrochloric acid, sulfuric acid, 
and nitric acid, whereas phenolphthalein was used 
for titration of mandelic acid, citric acid, and sali- 
cylic acid. Potentiometric titration was found neces- 
sary in the case of phosphoric acid. The blank 
value was negligible (<0.03 ce.) when the shaking 
was carried out without application of heat if, at 
the same time, methyl red was used as indicator for 
the titration. With phenolphthalein as the indica- 
tor, a blank value of 0.05 to 0.10 cc. of 0.1 N NaOH 


“12% divinylbenzene cross-linkage. 
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Tas_e I.—QUANTITATIVE ANALYSIS OF CERTAIN “INSOLUBLE” CHEMICALS AND TABLETS 


Temp. 
a 


Temp. Result by 
Amount per 50 Water during i Result by 
Compound or Analysis, 4 Added, Added, Shaking, S i Ion 
Preparation Gm. G ce *¢ *¢. in. Exchange 
Calcium mande- 0.4-0.6 25 25 99.77% 
late 99.91% 


99.79% 
Calcium mande- 1.024 
late tablets, 1 Gm. /tablet 
Gm. 1.024 
Gm. /tablet 
Secondary mag- 0 20-0.30 5 10-15 97 .57 
nesium  phos- j 
phate 


Secondary cal- 
cium phosphate, 
CaHPO,2H,0/ 


Secondary cal- 2! - 9883 
cium phos- Gm./tablet 
phate tablets, 1 0.9963 
Gm. Gm. /tablet 

Tertiary calcium 2 25 86.12% 
phosphate 86 


Calcium citrate 2! 


Calcium 90-100 
sulfate-2H,O 
Lead sulfate -1L00 


100) 90-100 
Lead chloride 5 O-100 25 
100 


Barium sulfate 90-100 90-100 


Bismuth citrate 100) 90-100 


Bismuth subni- 240: 00-100 25 
trate U.S. P. 

Bismuth subsali- .2-0.: 90-100 90-100 
cylate 


* U.S. P. method for calcium mandelate tablets. 

© Determination as magnesium pyrophosphate, single precipitation. 

© Determination as magnesium pyrophosphate, double precipitation. 

4 Precipitation of Ca as oxalate, titration with KMnQ, 

* Precipitation as PbSO,. 

f Fyn geome indicate that this compound has lost one molecule of water of hydration. If calculated as CaHPOyH,O the 
result is 99.7%. 


Tasie Il.—Tue Errect oF VARIATION IN EXPERIMENTAL CONDITIONS ON THE ION EXCHANGE OF LEAD 
SULFATE 


Volume Temperature Temperature 
Lead of Water of Water during 
Sulfate, 50, Added, Added, 
Gm ml 
0.2 25 25 
0.2 25 25 
0 25 25 
0. 25 25 
25 90-100 
50 90-100 
25 90-100 
90-100 
90-100 
5O 90-100 
50 90-100 
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99.51 
100.3 
1.0114 
1.040 
97. 
97 .23 
97 . 23 
97 .52% 
0.2-0.3 5 25 25 25 15 110.4% 110.5 
110.5% 110.8 
110.7% 110.6 
111.1% 
85. 91° 
86.08 
86.38% 86.16 
25 15 100.5% 99 004 
100.6% 99.02 
100.5% 99.00 
25 15 99.24% 99 204 
99.40%, 99.12 
25 30 99.04%, 
99.20% 
30 99.18%, 
99.42% 99.10 
99.30%, 
99.61% 
99. 80% 
99.76% 
(9.02%, 
99.26% 
60 102.6% 
103.0%, 
98.29% 97.92 
Shaking, Result, 
Min % 
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was obtained. If heat was applied during the shak- 
ing period, the blank value amounted to 0.10—-0.15 
ce. 


DISCUSSION 


In the batch method for ion exchange used in the 
experiments just described, the rate of reaction as 
well as the final equilibrium will depend upon the 
solubility product of the compound analyzed (BA) 
and the equilibrium constant (&,) for the exchange. 
a property of the resin (R//). 


BA(s) = B+ + A- (1) 
Solubility product = Sg4 = (B*)(A~) 
RH + = RB + H* 


(RBXH*) _, 
(RH) (B*) 


By adding Eq. I and Eq. II we get: 
RH + BA(s)=* RB + H*++A 


(RB\H*\(A~) 
(RH) 

Equation IV is an exact thermodynamic expres- 
sion for the chemical equilibrium III, provided the 
quantities in the parentheses are thermodynamic 
activities. If for qualitative comparison we ignore 
the activity coefficients, Eqs. I-1V explain quite well 
the effects of variation in the experimental condi- 
tions as follows: 

(a) The stronger the acid resulting from the ex- 
change of cations, the lower the exchange potential 
of the resin. 

(b) Substances with a low solubility product, like 
barium sulfate, react more slowly and require a 
larger excess of resin for complete exchange than 
substances with a higher solubility product. The 
rate of Reaction II is proportional to the available 
concentration of (B*). This concentration is often 
increased by the hydrogen ion released in the ex- 
change if the anion forms a weak acid: 


BA + H*+—~ B+ + HA 


(111) 


K = Spa (Iv) 


As an example we may compare the rate of reaction 
of lead sulfate and tertiary calcium phosphate. 
Even though tertiary calcium phosphate has a much 
smaller solubility product than lead sulfate (1 xX 
10-*% and 18 X 107%, respectively), lead sulfate 
reacts much more slowly than tertiary calcium phos- 


phate. The reason is that the solubility of lead 
sulfate is decreased by common ion effect as sulfuric 
acid is liberated, whereas the solubility of tertiary 
calcium phosphate is increased in the presence of 
phosphoric acid due to formation of the more soluble 
secondary and primary phosphates. 
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(c) Incgeasing the temperature will cause an in- 
crease in the rate of solution as well as in the solu- 
bility product of most salts. The result will be an 
increase in the rate of the exchange reaction. 

It seems reasonable to believe that by proper 
variation in ths experimental conditions, it may be 
possible to analyze by ion exchange just about any 
“insoluble” salt that is capable of ionizing in solu- 
tion. Table IT shows the effect of variation in ex- 
perimental conditions on the determination of lead 
sulfate. 


CONCLUSION 


The ion exchange method for determination of 
calcium salts is much less time-consuming than the 
precipitation of calcium as oxalate followed by titra- 
tion with permanganate. It is simpler and gives 
more reproducible results than the ether extraction 
method official for calcium mandelate tablets. 

In the case of the phosphates, the precision of the 
ion exchange method does not quite measure up to 
that obtained by double precipitation as magnesium 
ammonium phosphate, followed by ignition, and 
weighing as magnesium pyrophosphate. This is 
due to the difficulties inherent in the titration of 
phosphoric acid. The first end point is the sharpest 
(about pH 4.5) and has the advantage that inter- 
ference from carbon dioxide is negligible. How- 
ever, if the preparation contains impurities of other 
anions, like chloride or sulfate, the most accurate 
results are obtained by titrating from the primary 
to the secondary phosphate in the absence of carbon 
dioxide as described by Dijksman (5). 

For the determination of the bismuth compounds, 
the volumetric titration of the acid formed in the 
ion exchange reaction of the basic salts is of rather 
limited value from a practical point of view because 
the composition of these salts is not too well known. 
The method may be useful, however, in routine 
analyses of samples and preparations from a batch 
whose bismuth content is known. 

The obvious disadvantage of the ion exchange 
method described in this paper is its lack of selec- 
tivity. Only in cases where there is an appreciable 
difference in solubility (calcium mandelate + cal- 
cium stearate in tablets) or where the resulting 
acids have sufficiently different ionization constants 
(phosphoric acid + hydrochloric acid) is it possible 
to determine different salts in a mixture. 
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An in Vitro Study of - Various Commercially Available 
Bulk-Type Laxatives* 


Il. 


Physicochemical Measurements of Their Absorption of 


Common Food Principles 


By JACK N. BONE} and L. WAIT RISING 


A study has been made to determine if the bulk-type 


laxatives now commercially 


available would absorb or entrap common food principles representing salt, pro- 


tein, carbohydrate, and fat. 


A procedure for evaluating this —- has toes 
developed. The results indicate that many of the i 


bulk-type laxatives studied absorb 


or entrap common food principles or at least retard their diffusion through a semi- 
permeable membrane. 


M>* OF THE bulk-type laxatives now on the 

market are hydrophilic substances which 
form various types of masses (1). These bulk 
laxatives are usually taken over an extended 
period of time and the question arose as to whe- 
ther or not these bulk laxatives would, in some 
manner, absorb or entrap food principles. This 
investigation was undertaken to make an in vitro 
study of such a possibility using sodium chloride, 
glycine, dextrose, maltose, and sodium oleate as 
examples of the salt, protein, carbohydrate, and 
fat food principles. 


PROCEDURE 


The diffusion of the food principle through cello- 
phane dialyzing tubing' was used as a means of 
separating the food principle from the bulk-laxative 
mass. One end of the tubing was rolled up several 
turns over a Plexiglass plate and secured with a 
rubber band in order to form a bag approximately 
15/, inches in diameter and 12 inches long. Aqueous 
solutions of the food principles were prepared and 
placed inside the dialyzing bags, then the bags were 
immersed in distilled water baths. Dialysis was 
carried on at room temperature for a period long 
enough so that in the control samples, consisting 
of just aqueous solutions of the food principles, 
the concentration of the food principles inside the 
bag and in the dialysis bath would be the same. Only 
a very small proportion of the fatty food principle 
diffused through the membrane, therefore, a dialysis 
time of eighteen hours was used in the study of this 
food principle. 
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Various types of dialyzing apparatus and proce- 
dures were used. In one the bag was immersed 
in the bath and dialysis carried on without agitation. 
In another the bags were pulled up and down in the 
bath by means of an arm attached to an automobile 
electric windshield wiper motor. In another the 
entire dialysis apparatus consisting of the bath and 
the bag containing the dialysis mixture was agitated 
by means of an International shaking machine. In 
still another procedure the bag was enclosed in a 
dialyzing frame which was then immersed in the 
bath. This frame was made of two stainless steel 
plates, 12 inches by 4 inches, welded together so 
that there was a space '/, of an inch wide between 
the two plates. The plates were perforated with 
'/, inch holes, '/, inch apart. Thus, when the 
dialyzing bags were placed inside the frames, they 
were held in a flattened form with the enclosed liquid 
only '/, inch in thickness. 

Five grams of each bulk laxative were used for 
each 150-ce. aliquot of the food principle solution. 
These were mixed and placed inside the dialyzing 
bags. Blanks were run on each bulk laxative by 
substituting distilled water for the food principle 
solutions. Samples of the baths were taken and the 
concentrations of the food principles determined 
as follows. 

Sodium chloride.—The assay of sodium chloride 
in U. S. P. isotonic sodium chloride solution (2) was 
used. 

Glycine.—Formol titration. The assay of amino- 
acetic acid in aminoacetic acid elixir (3). 

Dextrose —The assay of dextrose in U. 
dextrose injection (4) was used. 

Maltose.—Fifteen cubic centimeters of 1 N 
NaOH and 50 cc. of 0.1 N iodine were added to the 

sample and allowed to stand for fifteen minutes; 
25 cc. of 1 N HeSO, were added and the sample 
titrated with 0.1 N sodium thiosulfate with starch 
as an indicator. Each cc. of 0.1 N iodine used up 
was equivalent to 17.15 mg. of maltose. 

Sodium Oleate.—The water insolubility of oleic 
acid produced a physical incompatibility with the 
aqueous mixtures. Therefore, the fatty acid was 
converted to the water-miscible sodium oleate to 
provide a more compatible mixture. The pH of 
the sodium oleate solution was 9.6 and did not change 
when the bulk laxatives were added. The pH of 
the dialysis baths varied from 7.3 to 9.2. Samples 
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from the dialysis bath were placed in 250-cc. separa- 
tory funnels. Three drops of methyl orange indi- 
cator and a small but definite excess of dilute HC! 
were added. The solution was extracted with 
three 25-cc. portions of petroleum ether. The 
petroleum ether extracts were filtered and placed 
in a tared evaporating dish and evaporated to dry- 
ness with a stream of air. The samples were then 
dried to a constant weight at 60°. 


EXPERIMENTAL 


Ten bulk laxatives representing the psyllium, 
tragacanth, carob, and methylcellulose groups were 
studied for the possibility of their absorbing or 
entrapping food principles by the methods outlined 
above. Those studied are designated in the fol- 
lowing list by composition rather than by trade 
names. The words in parentheses indicate the 
form in which the bulk laxative was marketed. 


1. Psyllium (granules) 
2. Psyllium, 50%, dextrose, 50°, (fine flakes) 
3. Psyllium (large flakes) 
Tragacanth (granules) 
Tragacanth, kaolin, (granules) 
Tragacanth (granules) 
Carob (granules) 
Methylcellulose (tablets) 
Methyleellulose, 75%, psyllium, (tab- 


lets) 
(liquid) 


Methylccliulose, 9% 

The data collected, representing averages of the 
various procedures with all samples run in tripli- 
cate, are shown in Table I. Attention is called to 
the control. Tiiis represents the dialysis mixture 
in which no bulk laxative was used. The data 
given represent the values after the correction 
blanks have been considered. 


TABLE I.—PERCENTAGE OF Foop PRINCIPLE IN 
Batu AS COMPARED WITH THE CONTROL” 


Gly- 
cine 


Dex- 
trose 
97 
78 99 
100 
97 
99 
80 
97 
97 
99 
100 


as 100%. 


Sodium 
Oleate 


controls. 
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DISCUSSION 


Most of the bulk laxatives studied absorbed or 
entrapped the food principles, or at least retarded 
their diffusion, through a semipermeable membrane, 
as indicated by a lower concentration of the food 
principle in the dialysis bath when the bulk laxatives 
were present in the mixture rather than when they 
were absent. 

The diffusion of sodium oleate through the semi- 
permeable membrane was so slight that the results 
obtained are not considered to be accurate. How- 
ever, the results which were obtained show that in 
the presence of the bulk laxatives less of the fatty 
principle was found in the dialysis bath than in the 
In the presence of the bulk laxatives 
sodium chloride and dextrose averaged 3° less 
than the controls, glycine 11°) less, and maltose 
15% less. 

If the sodium oleate results are omitted, the 
psyllium group averaged 9°; less than the controls 
for all the food principles, the tragacanth group 11° 
less, the carob group 5°% less, and the methylcellu- 
lose group 6°% less. 


SUMMARY 


1. A-study has been made to determine if the 
bulk laxatives now commercially available would 
absorb or entrap food principles as represented 
by the salt, sodium chloride; the amino acid, 
glycine; the carbohydrates, dextrose and mal- 
tose; and the fatty principle, sodium oleate. 

2. Most of those studied, representing the 
psyllium, tragacanth, carob, and methylcellulose 
groups, absorbed, or at least retarded the dif- 
fusion of the food principles through a semi- 
permeable membrane. 

3. A simple in vitro procedure was devised to 
make this study. Further studies are being made 
to determine the possibility of bulk laxatives 
absorbing drugs and vitamins. 
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Sample 
— 
1 95 S4 69 
2 96 85 69 
3 97 86 69 
4 100 83 31 
5 99 97 38 P| 
6 93 70 38 
- 7 99 90 62 
83 62 
98 S4 62 
10 99 87 62 


An in Vitro Study of Various Commercially Available 
Bulk-Type Laxatives* 


Ill. 


Physicochemical Measurements of Their Influence Upon the 


Digestion of a Carbohydrate, a Fat, and a Protein 


By JACK N. BONE and L. WAIT RISINGt 


A study has been made to determine if the presence of bulk-ty 
fluence the digestion of a carbohydrate, a fat, and a protein. 


laxatives would in- 
ures have been 


developed for evaluating this possibility. The results indicate that many of the bulk- 


type laxatives studied 


retard the digestion of a carbohydrate and 


a protein and ac- 


celerate the digestion of a fat. 


TT" BULK-TYPE LAXATIVES are usually taken 
over extended periods of time and the direc- 
tions for taking these products state that they 
should be taken one to three times a day with 
liberal quantities of water. The directions vary 
as to the time at which they should be taken, 
some stating before meals, some with meals, 
some after meals, and some at bedtime or upon 
arising. This study was carried on to determine 
if the presence of the bulk laxatives would have 
any influence upon digestion similar to the diges- 
tion as carried on in the gastrointestinal tract. 


PROCEDURE 


Carbohydrate. -Three different methods were 
tried and modified so they could be used in the 
presence of the bulk laxatives. The first method 
was a modification of a quantitative method for the 
determination of amylolytic activity by Willstatter, 
Waldschmidt-Leitz, and Hesse as described in Prac- 
tical Physiological Chemistry by Hawk, Oser, and 
Summerson (1). The method (Method I) was modi- 
fied by adding 5 Gm. of the bulk laxative in 300 
ce. of distilled water to the digestion mixture. The 
bulk-laxative particles seemed to absorb the iodine 
and make the end point difficult to determine when 
the sodium thiosulfate was added. The method 
was modified by adding excess sodium thiosulfate 
and backtitrating with 0.1 N iodine solution. 

The U.S. P. (2) describes an assay for the starch 
digestive power of pancreatin. This method 
(Method II) was modified by adding 2 Gm. of the 
bulk laxative in 25 cc. of distilled water to the di- 
gestion mixture and noting the length of digestion 
time in which no blue or violet color was produced 
when aliquots of the digestion mixture were added 
to the iodine solution. 
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Because the presence of bulk laxative in the final 
assayed solution interfered with an accurate assay 
of the sample, a procedure (Method III) was de- 
veloped in which the digestion products were sepa- 
rated from the bulk-laxative mass by dialysis. 
Studies were carried out to determine the optimum 
pancreatin-starch ratio, the optimum digestion 
time, and the optimum dialysis time. Studies 
showed that the digestion of starch by pancreatin 
could be stopped by boiling the digestion mixture 
for two minutes. A 3% cornstarch solution was 
boiled for five minutes. Seventy-five grams of this 
solution was placed in a 400-cc. beaker and to it 
was added 1 Gm. of pulverized bulk laxative. This 
was allowed to stand one hour or until the bulk 
laxative was hydrated. Phosphate buffer, 10 cc. 
of pH 6.8, and 1 cc. of 1 N sodium chloride solution 
was added and the temperature brought to 37°. 
Five cubic centimeters of freshly prepared 0.05% 
pancreatin solution was added and the mixture al- 
lowed to digest at 37° for thirty minutes. Boiling 
chips were added and the mixture boiled for two 
minutes. After cooling, the mixture was transferred 
to a dialyzing bag enclosed in a frame with the aid 
of 2 portions of distilled water, 5 cc. each. The 
frame was immersed in a 3,000-cc. distilled water 
bath and allowed to stand at room temperature for 
twenty-four hours. A 500-cc. aliquot of the bath 
was taken and the maltose concentration determined 
by an iodine-sodium thiosulfate titration. For 
each bulk laxative studied the following reaction 
mixtures were used: (a) bulk laxative plus starch 
plus enzyme; (6) bulk laxative plus enzyme plus 
water (blank); and (c) starch plus enzyme (control). 

Fat.—Four methods were tried and modified 
before one was found which would give reproducible 
results. The first method tried was a modification 
of a quantitative estimation of lipase by Willstatter, 
Waldschmidt-Leitz, and Memmen (3). Variable 
results were obtained which seemed to be due to 
the differences in the degree of emulsification of the 
olive oil. A method was developed in which a pri- 
mary emulsion of olive oil, acacia, and water was 
used as the substrate but reproducible results were 
not obtained. It was thought that if a substrate 
could be found which was a definite compound and 
easily emulsified that perhaps a better method for 
the determination of lipolytic activity could be 


| developed. Glyceryl monostearate and propylene 
.«L.glycol monostearate were hydrolyzed with lipase 


312 


May, 1954 


and satisfactory results obtained. However, when 
the bulk laxatives were added to the digestion mix- 
tures the viscosity increased to such an extent that 
reproducible results could not be obtained. Bauer 
and Wilson (4) in one of their investigations used 
bentonite magma as the emulsifying agent for olive 
oil. A method (Method IV) which gave the most 
reproducible results consisted of placing the follow- 
ing in a 500-cc. glass stoppered flask: 10 cc. dis- 
tilled water, 0.2 Gm. pulverized bulk laxative, 3 cc. 
bentonite magma, 2 cc. of buffer (0.66 cc. 1 N am- 
monium hydroxide and 1.34 cc. of ! N ammonium 
chloride) and 2.5 Gm. of olive oil. This was mixed 
well and allowed to stand one hour or more to allow 
the bulk laxative tohydrate. Tothis mixture at 37° 
300 mg. of pancreatin was added and the mixture 
agitated for exactly one minute. The flask was 
then placed in a 37° bath and allowed to remain for 
one hour. Eighty-five cubic centimeters of alcohol 
and 20 ce. of ether was added, phenolphthalein 
indicator was added and the mixture titrated with 
0.1 N alcoholic potassium hydroxide, the number of 
cc. of which was taken as an indication of the amount 
of fatty acids liberated from the olive oil. Controls 
were run in which the bulk laxatives were left out 
of the digestion mixtures. Correction blanks were 
run on each of the reagents used and various com- 
binations of these reagents. 

Protein. Studies were made to determine the 
optimum conditions for pancreatic digestion of 
casein and included a peptic predigestion study. 
Digesting the casein with pepsin followed by diges- 
tion with pancreatin produced slightly higher 
titration values than when the casein was digested 
alone by pancreatin. The increase, however, was 


not great enough to include a peptic predigestion 


in the final procedure. 

The procedure (Method V) used was to place 
200 cc. of distilled water and 0.5 ce. of 1 N sodium 
hydroxide in a 500-cc. graduated cylinder. To 
those mixtures requiring casein, 100 cc. of 5% casein 
solution was added. Five grams of bulk laxative 
was added to those requiring bulk laxatives and 
20 cc. of 1.25% pancreatin solution was added to 
those requiring pancreatin. The volume was ad- 
justed to 400 cc., the pH to8.20, and the temperature 
to 37°. For each bulk laxative investigated the 
following samples were set up: (a) casein solution 
alone (no pancreatin or laxative), (b) casein plus 
pancreatin, (c) casein plus pancreatin plus bulk 
laxative, (d) casein plus bulk laxative, and (¢) pan- 
creatin plus bulk laxative. 

The above mixtures were agitated at 37° for 
six hours then a 100-cc. sample removed from each. 
Each sample was adjusted to a pH of 8.20 with 
0.1 N sodium hydroxide and 10 cc. of formaldehyde 
added; the number of cc. of 0.1 N sodium hydroxide 
required to adjust the pH to 8.20 again was noted. 
The amount of 0.1 N sodium hydroxide required for 
this final titration was used as an indication of the 
amount of amino acids released by the pancreatic 
digestion of the casein. Correction blanks were run 
on all reagents used. The presence of the casein 
solution and bulk laxatives in the assayed samples 
made the use of phenolphthalein as an indicator un- 
reliable. Therefore, a Beckman pH meter was used 
in the pH adjustments and titrations. 

Because the presence of the bulk-laxative mass 
in the final analysis mixture often interfered with 
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an accurate assay of the digestion products, a pro- 
cedure (Method VI) was developed in which the di- 
gestion products were separated from the bulk- 
laxative mass by dialysis as follows: 50 cc. of a 
5% casein solution was placed in a 150-cc. beaker, 
0.5 Gm. of bulk laxative was added and the mixture 
allowed to stand one hour or until the bulk laxative 
was hydrated. The pH of the casein-bulk laxative 
mixture was adjusted to 8.20, the temperature to 
37° and 6.3 cc. of a 1% pancreatin solution was 
added. The mixture was digested for six hours at 
37°, boiling chips were added, and the mixture then 
boiled for two minutes to stop the digestion. After 
cooling, the mixture was transferred to a dialyzing 
bag with the aid of 5 cc. of distilled water and im- 
mersed in a 500-cc. distilled water bath for sixteen 
hours at room temperature. The dialyzing bag 
was cellophane dialyzing tubing,' */¢ inch diameter 
and 20 inches long, tied at the bottom to form a 
long bag. The top of this bag was fastened to a 
short, wide-stemmed glass funnel. The dialyzing 
bath was a 500-cc. graduated cylinder. After the 
dialysis period, a 200-cc. aliquot was taken from 
the bath, phenolphthalein T. S. was added, and the 
sample brought to a faint pink color with 0.1 N 
sodium hydroxide; 50 cc. of formaldehyde was 
added, then the number of cc. of 0.1 N sodium 
hydroxide required to bring the color back to a faint 
pink noted. Samples and correction blanks were 
set up as described in the previous procedure. 


EXPERIMENTAL 


Ten bulk laxatives were compared as to the possi- 
bility of their influencing the digestion of a carbohy- 
drate, a fat, and a protein by the methods outlined 
above. These bulk laxatives represented the psyl- 
lium tragacanth, carob, and methylcellulose groups 
of bulk laxatives now on the market. Those 
studied are designated in the following list by com- 
position rather than by trade names. The words 
in parentheses indicate the form in which the 
bulk laxative was marketed. 


Psyllium (granules) 
Psyllium, 50%; dextrose, 50% (fine flakes) 
Psyllium (large flakes) 
Tragacanth (granules) 
Tragacanth, 95%; kaolin, 5% (granules) 
Tragacanth (granules) 
Carob (granules) 
. Methylcellulose (tablets) 
9. Methylcellulose, 75%; psyllium, 25% (tab- 
lets) 
10. Methylcellulose, 9% (liquid ) 


The comparative data collected are shown in 
Table 1. All samples were run in triplicate. In 
this table, the method numbers refer to those de- 
scribed in the procedure. The controls are those 
digestion mixtures in which no bulk laxatives were 
present. The results obtained in the control sam- 
ples, i. e., the number of ce. of 0.1 N iodine re- 
quired, each of 0.1 N alcoholic potassium hydroxide 
required, of 0.1 N sodium hydroxide required, etc., 


1 Cellulose Dialyzer Tubing No. 4465-A2. Wall thickness 
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Taste I.—-CoMPaRISON, IN PERCENTAGE, OF DIGESTION IN THE PRESENCE OF THE BULK LAXATIVES WITH 
THAT OF THE CONTROLS* 


arbohydrat 


86 

75 
120 

50 

55 
120 

86 

6 


10 


hod 
VI 


ey Based | on the controls being 100%. 
. Bed p. int could not be determined. 
esult 


were taken as 100% and the results obtained in the 
presence of the bulk laxative compared with the con- 
trols. 


DISCUSSION 


In Method I or carbohydrate digestion considera- 
ble trouble was experienced due to the entrapment 
of the iodine reagent by the bulk laxatives which 
were present in the final assayed mixture. In 
Method II the same trouble was experienced as in 
Method I. This probably accounts for the wide 
variation in the results which were obtained with no 
correlation between the bulk-laxative groups and 
their influence upon carbohydrate digestion. 

In Method III on carbohydrate digestion the di- 
gestion products were separated from the bulk- 
laxative mass by dialysis. Therefore, the bulk 
laxatives were not present in the final assayed mix- 
tures and the results which were obtained were 
much more uniform than in Methods I and II. 
The results of Method III indicated that all the 
bulk laxatives studied, representing the psyllium, 
tragacanth, carob, and methylcellulose groups, 
retarded the pancreatic digestion of starch. Sample 
No. 9 produced quite an alkaline solution when 
suspended in distilled water. Perhaps this alkalinity 
was the reason for such a strong influence upon the 
digestion of the carbohydrate. 

In Method IV on fat digestion the results indi- 
cated that 8 out of the 10 bulk laxatives studied ap- 
parently accelerated the pancreatic hydrolysis of 
the olive oil. This may have been caused by the 
bulk laxatives aiding in emulsification or subdivision 
of the olive oil and thus permitting more of its sur- 
face to be exposed to the action of the enzyme. 

The results of Methods V and VI showed that in 
the presence of most of the bulk laxatives studied 
there was less pancreatic digestion of casein than 
when the bulk laxatives were not present in the diges- 
tion mixture. There was no correlation between the 


s too variable, pH kept drifting alkaline in presence of bulk laxative. 


bulk laxative groups and the extent to which they 
retarded digestion. The Method VI involving sepa- 
ration of the digestion products from the bulk 
laxative mass by dialysis gave more reproducible 
results than Method V. 


SUMMARY 


1. A study has been made upon the influence 
of bulk laxatives, representing the psyllium, 
tragacanth, carob, and methylcellulose groups 
upon the digestion of a carbohydrate, a fat, and a 
protein. 

2. The results indicated that most of the bulk 
laxatives studied retarded the digestion of the 
carbohydrate and protein and accelerated the 
digestion of the fat. 

3. There was no correlation between the bulk 
laxative groups and their influence upon diges- 
tion. 

4. Procedures for making these studies have 
been described. Those involving separation of 
the digestion products of the carbohydrate and 
protein from the bulk laxative mavses by dialysis 
gave the most reproducible results. 
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Sample Method Method Method 
e 
1 105 90 140 83 
2 73 { 91 145 88 
3 47 SS 152 90 
4 114 81 78 93 
5 103 85 80 99 
6 4 75 123 SS 
7 135 89 164 81 
8 139 87 164 100 
Q 103 39 191 100 
|_| 134 SS. 126 90 


Spectrophotometric Determination of Acetylsalicylic 
and Salicylic Acids* 


By RANDALL B. TINKER{ and ARTHUR J. McBAY?t 


A simple and rapid s > peers apa ometric method of analysis of acetylsalicylic acid and 
of sonaietinlit acid tablets or y= has been developed which is accurate to at 


least +0.2 per cent. This 


be used also for the determination of sali- 


cylic acid and is accurate to at least +0.2 per cent. 


Acetsuicyiic acip has been used for ap- 
proximately 100 years, yet no rapid and 
accurate method of analysis has been developed. 
In this paper a satisfactory method of analysis 
of acetylsalicylic acid and a small amount of one 
of its hydrolysis products, salicylic acid, is 
reported. 
From time to time various methods of assay, 
which have been accepted for routine analytical 
work, have been published in the literature (1-4). 


EXPERIMENTAL 


ic Acid Standard.——Acetylsalicylic 
acid, U.S. P. XIV, was assayed by the present and 
two fecmer U. S. P. methods. This standard as- 
sayed 101.54% and showed no test for free salicylic 
acid. Nonaqueous titration to potentiometric 
end point showed 101.24% purity (5).! 

Salicylic Acid Standard.—Analytical reagent 
salicylic acid was used as a standard. Assay of 
this sample by the official method showed 99.83% 
salicylic acid. 

Effect of Solvents upon Standards.—Acetylsali- 
cylic acid and salicylic acid were found to have 
higher absorbancies and greater stabilities in chloro- 
form solution than in either aqueous or alcohol 
solutions. In addition, chloroform solutions of both 
standards exhibited the greatest difference between 
maximum and minimum absorbancy values for 
any given concentration. It was found necessary 
to distill technical or U. S. P. chloroform before 
using, due to the presence of absorbing impurities. 
Chloroform A. R. grade is satisfactory without 
distillation. 

Wave Length of Maximum Absorbancy of Ace- 
tylsalicylic and Salicylic Acids.—Spectrograms of 
chloroform solutions of 200 yg./ml. of acetylsalicylic 
acid and of 50 ywg./ml. of salicylic acid were prepared 
and were examined over a spectral range from 240 
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to 350 mg. The maximum absorbancy for acetyl- 
salicylic acid and for salicylic acid was found to be 
278 and 308 my, respectively, as shown in Fig. 1. 
Conformity to Beer's Law.—-Chloroform solutions 
of acetylsalicylic acid and of salicylic acid follow 
Beer's law. Absorptivity indices for acetylsalicylic 
acid and for salicylic acid are shown in Table I. 


Tas_e I.—Apsorptivity INDICES FOR ACETYLSALI- 
CYLIC AND FOR SALicyLic Acip SOLUTIONS 
—278 me ~ ——-308 
Absorb- Abs. Absorb- 
ancy Index ancy 


Acetylsalicylic Acid 


0.261 
0.129 
0.065 
0.026 
0.018 
0.006 
0.000 
0.000 


0.01300 
0.01300 
0.01300 


"340 


2.700 
1.340 
0.670 
0.268 340 
0.134 
Salicylic Acid 
1.325 0.663 
0.662 0.662 
0.330 0.660 
0.182 0.660 
0.065 0.650 


1.930 3.860 
0.772 3.860 
0.385 3.850 


Development of Equations.—_Examination of the 
spectrograms for both acetylsalicylic acid and for 
salicylic acid shows that at a wave length of 308 my, 
the absorbancy due to acetylsalicylic acid is nearly 
negligible while the absorbancy due to salicylic acid 
is maximal. 

In order to develop equations for determining the 
concentration of acetylsalicylic acid and of salicylic 
acid as a two-component mixture, the following 
symbols were used: 


mM of acetylsalicylic acid 
mM of salicylic acid 
absorbancy at 278 my 
absorbancy at 308 my 
absorptivity index 


a solution containing two ultraviolet ab- 
sorbing components, x and y, is spectrophotometri- 
cally analyzed for component x and for component 
y, the following relationships are true if the light 
path is considered to be unity: 


— (1) 


G = 
— 
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20.00 0.01305 
10.00 0.01290 
5.00 
2.00 
1.00 
0.50 
0.20 
0.10 
2.00 
1.00 
0.50 
0.20 
0.10 
CG = 
Cy = 
A, = 
Ay = 
a = 
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Tapie IL.—-ANALYSIS OF PREPARED SOLUTIONS 


— 


= 


— 

Equations for determining the concentration of 
acetylsalicylic acid and of salicylic acid were derived 
from the following absorptivity indices of Table I: 


a,, = 1.340 
= 0.01305 
a,, = 0.660 
ay, = 3.860 


A dilution factor of 100 was used to determine the 
absorbancy at 278 my. This factor is included in 
the following working equations: 


= 74.75A, — 0.127842 (3) 
C, = 0.25054, — 0.25274, (4) 


To test the accuracy and the validity of these 
equations, solutions of acetylsalicylic acid contain- 
ing small amounts of salicylic acid were prepared. 
These solutions were compared spectrophotometri- 
cally at 308 my against a blank of analytical reagent 
chloroform and the absorbancy readings were re- 
corded. Absorbancy readings for these solutions 
were recorded at 278 my after a 100 X dilution had 
been made. The results obtained are shown in 
Table II. 

Examination of the percentage of error columns 
in Table II shows that over a range of 98-100% 
purity for acetylsalicylic acid this method has an 
error of less than 0.20%. 

Method of Analysis of Acety Acid. — 
Weigh accurately approximately 360 mg. (2 mM) of 
acetylsalicylic acid and dissolve in sufficient chloro- 
form to make exactly 100 ml. Adjust the spectro- 
photometer to a wave length of 308 my, blank 
against chloroform, and record the absorbancy of the 
solution as Ay. Make a 100 X dilution of this pre- 
pared solution and record the absorbancy of this 
solution when blanked against chloroform at 278 
my as A,;. Substitute these absorbancy values in 
equations (5) and (6) and solve. 


A. S. A. mg. = 13474, — 2.342 (5) 
S. A. ng. = 3.58A, - 3.49A, (6) 


Method of Assay of Acetylsalicylic Acid Tablets 
or Capsules.— Determine the average weight of 10 
tablets. Crush at least 10 tablets in a mortar and 
mix thoroughly. If capsules are to be assayed, 
empty the contents of at least 10 capsules into a 
tared beaker, mix thoroughly, and determine the 
average weight. Weigh accurately an amount of 
the powdered material equivalent to approximately 
360 mg. (2 mM) of acetylsalicylic acid. Transfer 
to a beaker by means of a fine stream of chloroform, 
add 50 ml. of chloroform, stir thoroughly, and allow 


ABSOBANCE 


0.0 
240 260 280 300 320 340 
MILLIMICRONS 
Fig. 1.—Spectrograms of chloroformic solutions 
of acetylsalicylic acid and of salicylic acid. 
Acetylsalicylic acid 200 yg. per ce. - Salicylic 
acid, 50 wg. per ce. 


to stand for two minutes or until the undissolved 
material has settled. Filter through chloroform- 
wetted Whatman No. | filter paper into a 100-ml. 
volumetric flask. Rinse out the beaker, pass the 
rinsings through the filter, and finally bring the 
solution in the flask up to the calibration mark with 
chloroform. Continue as directed under Method 
of Assay of Acetylsalicylic Acid. 

Analysis of Market Samples.—Five brands of 
acetylsalicylic acid tablets were assayed by the 
above method. The results shown in Table III are 
the average of three different determinations on each 
brand of tablets. 


Tas_e III.—ANALYsIS OF MARKET SAMPLES OF 
ACETYLSALICYLIC Acip TABLETs, 0.325 Ga. 


Manu- 
facturer 


A 


B 
Cc 
D 
E 


Chloroform-soluble coloring interfered 


The use of this method for the analysis of tablets 
which have chloroform-soluble coloring materials 
is not advocated at the present time. Attempts 
have been made to discharge the extracted color 
from lots of tablets marketed by manufacturers C 
and E. The resulting assays were inconsistent 
within themselves and it was concluded that vary- 
ing amounts of acetylsalicylic acid had been ab- 
sorbed on the discharging agent. 
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——of Error—— 
: 308 my 278 mp A.S.A. S. A. A. S. A. S. A. AS.A. S.A. 
0.261 0.268 20.00 0.0000 20.00 0.0000 0.00 0.00 
0.645 0.267 19.90 0.1000 19.88 0.0999 0.10 0.10 
1.030 0.267 19.80 0.2000 19.83 0.1998 0.15 0.10 
1.414 0.266 19.70 0.3000 19.70 0.2997 0.00 0.10 
1.797 0.265 19.60 0.4000 19.58 0.3993 0.10 0.18 
3 
0.5 
A. S. A. of S. A. per 
Gm. Amt. Mg. 
a 0.3254 100.1 0.159 
0.3019 92.89 0.113 
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Book Notices 


Diabetic Care in Pictures—Simplified Statements with 
Illustrations Prepared for the Use of the Patient. 
2nd ed. by HELEN ROSENTHAL and JOSEPH 
ROSENTHAL. J. B. Lippincott Co., Philadelphia, 
1953. 164 pp. Illustrated. 16x ‘23 em. Price 
$3. 

This is a book that can be recommended to the 
diabetic patient. It will enable him to understand 
better the underlying reasons for drugs given to him 
and regimens prescribed by his physician for the 
management of the disease. The book is divided 
into eight chapters, the first of which discusses 
diabetes and its treatment. In the second chapter 
normal and diabetic diets are discussed with par- 
ticular emphasis on the restrictions to be observed 
by the diabetic and the types of foods he may use. 
The third and fourth chapters explain insulin and its 
administration by the patient and signs and symp- 
toms of insulin reactions including the care of the 
patient with acidosis. In the following chapter the 
blood and urine tests employed in the clinical lab- 
oratory and also by the diabetic are covered. In 
the last three chapters personal hygiene and special 
care of certain parts of the body and personal and 
social factors are presented. The book is profusely 
illustrated throughout and is provided with an 
unusually good index. It is definitely written for 
the patient and in terms that he should be able to 
understand without difficulty. 


British Veterinary Codex, 1953. Published by Di- 
rection of the Council of the Pharmaceutical So- 
ciety of Great Britain. The Pharmaceutical 
Press, London, 1953. xxiii + 737 pp. 15.5 x 
23.5cm. Price 45s. (plus 1s. postage). 

This Codex is the result of a collaborative effort 
between the Council of the Pharmaceutical Society 
of Great Britain, the Royal College of Veterinary 
Surgeons, and the British Veterinary Association. 
It has been compiled to supply standards for drugs 
used in the prevention and treatment of animal dis- 
eases and to give authoritative information on their 


action and uses. Details are provided relative to 
appropriate doses of drugs which have been found 
effective in the treatment of various species with 
special emphasis on horses, cattle, sheep, pigs, dogs, 
cats, and poultry. Detailed standards for all the 
important vaccines, sera, and related products used 
in veterinary practice are also included. Other 
helpful features of the book are a therapeutic and 
pharmacological index, a list of trademark names, 
many useful tables, and over 300 formulas for veter- 
inary dosage forms. 

The British Veterinary Codex represents a high 
level type of cooperation between veterinary medi- 
cine and pharmacy. The relationship between 
pharmacists and veterinarians in the United States, 
while cordial, might be further enhanced if the Ameri- 
can Veterinary Medical Association and the Ameri- 
can Pharmaceutical Association could agree to 
emulate the accomplishment of the comparable 
British societies responsible for the compilation and 
publication of the British Veterinary Codex. 


The Pharmaceutical Pocket Book. 16th ed. Pub- 
lished by direction of the Council of the Pharma- 
ceutical Society of Great Britain. The Pharma- 
ceutical Press, London, 1953. 422 pp. 13 x 
19.5cm. Price 18s.6d. 

The usefulness of this book, particularly to 
British pharmacists, is indicated by the fact that it 
has undergone fifteen revisions since 1906, culminat- 
ing in the 16th edition which has recently been pub- 
lished. The purpose of The Pharmaceutical Pocket 
Book is to supply, in summarized form, information 
relating to nearly all of the aspects of the practice 
of pharmacy. 

The book opens with a comprehensive outline of 
the activities of the Pharmaceutical Society of Great 
Britain which are many and varied in character. 
This information is of special interest to a student 
contemplating pharmacy as a career. Other sec- 
tions describe dispensing procedures as practiced 
daily and include useful information on homeopathy, 
weight and volume equivalents, tables of official 
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doses, and a list of abbreviations used in prescrip- 
tion writing. 

In addition, methods for calenlating the pH solu- 
tions, the preparation of isotonic solutions, and the 
emergency treatment of poisoning are also ade- 
quately covered. One of the longer sections of 
The Pharmaceutical Pocket Book provides details of 
various Acts of Parliament and Regulations which 
affect the practice of pharmacy. Procedures for 
the examination of urine, blood, cerebrospinal fluid, 
and examination of gastric contents, are aspects of 
subjects covered in an unusually competently writ- 
ten chapter on biochemical analysis. Other sec- 
tions relating to microbiology, antiseptics and disin- 
fectants, infectious diseases, food and diet, with 
brief descriptions of the vitamins and particulars 
of the vitamin content of official preparations are 
also included. The book is replete with much sum- 
marized information in tabular form; a useful feature 
is a dictionary of synonyms containing over 4,000 
entries providing ready reference both to official and 
to obsolete and unusual terms which may be en- 
countered from time to time in the practice of phar- 
macy. While the book is designed for pharmacists 
coming under the jurisdiction of the Pharmaceutical 
Society of Great Britain, it also deserves acceptance 
as a helpful reference book by pharmacists in other 
countries. 


Elementary Introduction to Molecular Spectra. By 
Bérce Bak. North-Holland Publishing Co., 
Amsterdam (Interscience Publishers, New York), 
1954. 125 pp. 14.5 x 21.5 cm. Price $2.90. 


Much useful information is presented in the lim- 
ited scope of 125 pages divided into 5 chapters. 
The first chapter is devoted to an introductory sur- 
vey of the main features of spectroscopy approached 
from a nonmathematical viewpoint. In the follow- 
ing chapter several of the most important equations 
for an introductory study of theoretical spectros- 
copy are derived. In the other three chapters ap- 
plications of these equations within microwave 
spectra, infrared spectra, and spectra of the visible- 
ultraviolet region are clearly and succinctly covered. 
The book stresses throughout the applications and 
research possibilities of spectroscopy in chemistry 
and in biology. Information is presented on molec- 
ular constitution and thermodynamic properties 
which is derived from studies of the different types 
of molecular spectra. The book is well documented 
with references to the more important textbooks and 
scientific papers in the field covered by the book. 
The value of the book is enhanced by an adequate 
index and a well designed format. The printing and 
binding are of good quality, and the book should 
fill a useful purpose as an introduction to molecular 
spectra. 


Quantitative Analysis via Functional Groups. 2nd 


ed. By Srpney Sice1a. John Wiley and Sons, 
New York (Chapman and Hall, Ltd., London), 
1954. 227 pp. 14.5 x 22cm. Price $5.00. 
Revision of the first edition of this compact treat- 
ment of quantitative organic analysis through the 
determination of functional groups which was pub- 
lished in 1949 has been necessary because this field 
has developed at an unusually rapid rate during the 
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past five years. The new edition is approximately 
40 per cent larger than the first, and includes a new 
section on some of the techniques and reasoning in 
developing new methods of functional group analysis 
and in making changes in known methods in order 
to analyze samples to which procedures described in 
the literature cannot be directly applied. 

Care has been taken to describe only procedures 
best suited to general applicability, simplicity, ac- 
curacy, and precision and usually requiring only 
standard analytical equipment. Where special 
apparatus is required for a few of the procedures it is 
easy to construct or relatively inexpensive to pur- 
chase. The scope of the book can best be appre- 
ciated by considering the chapter headings which 
are: Hydroxyl Groups; Carbonyl Groups; Carbox- 
ylic Acids; Salts; Esters; Amides; Imides; and 
Anhydrides. Alkoxy! Groups; Acetyl Groups; 
Unsaturation; Active Hydrogen Compounds and 
Compounds Which React with Grignard Reagent; 
Acetylenic Hydrogen; Acetal, Ketal-Type Com- 
pounds; and Vinyl Alkyl Ethers; Amino Groups; 
Quaternary Ammonium Salts; Hydrazines; Dia- 
zonium Salts; Titanous Chloride Reduction; Mer- 
capto Groups; Dialkyl Sulfides; Alkyl Disulfides; 
Sulfonic Acids and Salts; Peroxides; Isocyanates 
and Isothiocyanates; Vinyl Ethers; Oxirane Oxygen 
(Epoxide Compounds); Water in Organic Groups; 
Miscellaneous Procedures; Quantitative Separation 
of Components in a Mixture; Some Physical Chemi- 
cal Methods Applicable to Quantitative Analysis; 
Techniques and Reasoning in Developing New 
Analytical Methods or Modifying Existing Methods; 
The Role of Quantitative Functional Group Deter- 
mination in the Identification of Organic Com- 
pounds; and Weighing of Volatile or Corrosive 
Liquids. 

Each chapter is documented with pertinent refer- 
ences to the original literature, and the book is pro- 
vided with an adequate index. 


The Indian Pharmaceutical Codex. Vol. I (Indig- 
enous Drugs). By R. MuKeryt. Council of 
Scientific and Industrial Research, New Delhi, 
1953. x +431 pp. 17 x 25.5 cm. Price Rs. 
12/-. 

This book is designed to serve as a companion 
volume to the Indian Pharmacopoeial List, 1937, 
[reviewed in Tuts JouRNAL 37, 44(1948)], particu- 
larly with reference to the drugs indigenous to India 
which are described therein. The Indian Pharma- 
ceutical Codex bears a resemblance to both the 
British Pharmaceutical Codex and to the United 
States Dispensatory, but differs in many respects 
from either treatise. The book is arranged in two 
parts, the first of which consists of general mono- 
graphs on natural products and drugs of vegetable 
and animal origin. Part II is a formulary of 
preparations of these drugs, the aim of which is to 
promote uniformity in nomenclature and composi- 
tion. An interesting feature of the monographs on 
many drugs little known outside of India, is the in- 
clusion of information regarding their chemistry, 
pharmacologic action, and empirical therapeutic 
uses. This information should serve to stimulate 
further research work on many drugs indigenous to 
India which have been, in many cases, only partially 
investigated. 
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Pharmacology. 4th ed., 1953. By J. H. Gappum. 
The Oxford University Press, New York, 1954. 
xviii + 562 pp. Illustrated. 14.5 x 23 cm. 
Price $8.00. 

This textbook is intended for medical students at 

a stage in their education before general principles 

become obscured by a mass of practical details. 

Throughout the textbook facts with an immediate 

practical application are especially emphasized, but 

accounts of experimental methods which have led to 
the introduction of many new therapeutic measures 
and to the use of potentially dangerous drugs are 
not ignored. As an example of the practicability of 
the author's treatment of the subject, the kind of 
evidence that justifies the trial of new drugs is 
stressed. In addition to the usual information con- 
tained in a textbook of pharmacology, Gaddum's 
treatment of the subject is unique in many respects 
and contains much information of interest, not only 
to medical students, but also to students of pharmacy 

and related sciences. The book is documented, to a 

limited extent, by references to articles for supple- 

mentary reading, and is provided with a good index. 

The printing and binding are of good quality, and 

the book can be recommended as one of more than 

ordinary interest. 


Black's Medical Dictionary. 21st ed. By Joun D. 
Comrie and A. R. THompson. (Adam 
and Charles Black, London, 1953.) The Mac- 
Millan Company, New York, 1953. 1,013 pp. 
Illustrated. 15.5 x 22.5 cm. Price $7.00. 

For almost half a century, this medical dictionary 
has held a special place in its field due to its skillful 


balance between the technical and the popular ap- 
proach on the one hand, and between the charac- 
teristics of a dictionary and of an alphabetically in- 
dexed encyclopedia on the other hand. The infor- 
mation contained in this new edition is—as in the 
preceding ones—correct, clear, concise, and up to 


date. Some 400 illustrations enhance the value of 
this relatively inexpensive work which should have 
a wide appeal to physicians, pharmacists, and lay- 
men alike. 


Detergency Evaluation and Testing. By Jay C. 
Harris. Interscience Publishers, Inc., New 
York, 1954. 210 pp. Illustrated. 13 x 185 
em. Price $3.75. 


This small book is another of the Interscience 
Manuals designed to provide a brief but adequate 
description of laboratory procedures in several 
branches of science and technology. The methods 
described in this latest member of the series are 
those which have been found useful in years of ex- 
perimental work and have been employed in dis- 
tinguishing between useful agents and those un- 
likely to be of value as detergents. Minor phases 
of detergent testing have not been included if they 
are new and still unproved or have not been suffi- 
ciently widely used to warrant their inclusion. 
The chapter headings indicate the scope of the book 
and include the following titles: Introduction; 
Screening Tests; Cotton Washing; Cotton Wash 
Test Methods; Wool Washing; Washing Procedures 
for Other Fibers; Hard Surface Cleaning; Radio- 
isotopic Tracer Method; and Miscellaneous Tests. 


Screntiric Epirion 


319 


Poisonous Plants of India. By Str Ram Natu 
Cuopra, Ratran Lact BapHwar, and SUDHAMOY 
Guosn. Vol. I. (Scientific Monograph No. 17 
of the Indian Council of Agricultural Research.) 
Manager, Government of India Press, Calcutta, 
1949. liv + 762 pp. Illustrated. 19.5 x 25.5 
em 


Although this book was published in 1949, a re- 
view copy was received by Tuts JOURNAL only re- 
cently. The object of the book is to furnish a com- 
plete outline of the botanical, chemical, pharmaco- 
logical, and economic aspects of poisonous plants, 
especially from the point of view of their practical 
importance. About 700 plants poisonous to man, 
livestock, insects, and fishes, are covered. The 
vernacular names, botanical descriptions, distribu- 
tion, and where known, important chemical constit- 
uents and physiological action, the symptoms pro- 
duced by them, and the modes of treatment and 
prevention of poisoning are given for each of the 700 
plants considered in the book. The poisonous 
plants are arranged in families according to the 
Bentham and Hooker systems of classification. 

The importance of compiled information regarding 
poisonous plants is obvious, and this book should 
serve as a useful reference in the medical, pharmaceu- 
tical, and agricultural sciences. 


Pharmacognosy Laboratory Manual. By MayNarp 
W. Qumpy, RayMonp W. VANDERWyYKkK, and 
Wiitram E. Hassan, Jr. Burgess Publishing 
Company, Minneapolis, 1953. 108 pp. 21.5 x 
28 cm., spiral bound, paper back. 


This manual is “‘designed to acquaint the student 
in the pharmacognosy laboratory with drugs and 
drug products of biological origin, i.e , those produced 
from plants or animals." The material is presented 
in three sections: (a) Some special techniques com- 
prising 7 pages of instruction and exercises on micro- 
manipulation and microchemical procedures as well 
as extraction methods for some plant principles. 
(b) Harmful plants, consisting of 12 pages of ma- 
terial on dermato-toxic, poisonous, and allergenic 
plants, and information on pollen study technique. 
(c) Drugs and economic products of biological origin, 
containing 85 pages of directions on macroscopic, 
microscopic, and microchemical means of deter- 
mining drug identity and purity. Questions are 
interspersed throughout the exercises to focus the 
student's attention on his observations and tests. 
Twenty outline pages to be completed by the stu- 
dent are entitled Prescription Specialties and list 
the headings: Product Name, Manufacturer, Dosage 
Forms, and Principal Ingredients. 

The material presented represents an inclusive 
and thorough study of crude drugs and their deriva- 
tives. The drugs are arranged according to the 
taxonomic system of classification rather than the 
biochemical. Of the recognized subjects of the 
modern pharmacognosy course the authors include 
Antibiotics, Allergenic Plants, and Atmospheric 
Pollen Counts, but they omit information on pollen 
identification, and insecticidal, rodenticidal, and 
phytocidal substances. The manual includes typo- 
graphical and mechanical errors in addition to those 
listed on the page of “Errata.” 


Rat Quality A Consideration of Heredity, Diet and 
Disease. Proceedings of the Symposium held at 
Columbia University, College of Physcians and 
Surgeons, New York, N. Y., January 31, 1952. 
The National Vitamin Foundation, Inc., New 
York, 1953. 138 pp. 15.5 x 23 cm. Paper 
bound. Price $2.50. 


These proceedings are the result of a meeting held 
in January, 1952, at the College of Physicians and 
Surgeons of Columbia University in New York. 
The book includes the papers presented during the 
formal program, comments made from the floor, 
and reports submitted by individuals participating 
in the symposium. Experiments in the breeding 
and raising of rats and the relative efficiencies of 
stock and special diets are rarely published despite 
their value to other workers. In some of the formal 
papers included in this book, comparison is made of 
various commercial rat diets with respect to their 
nutritional contributions. Perhaps unfortunately, 
such diets are indicated by code rather than by name 
to prevent unfair public comparison that would 
serve no scientific end. This drawback is compen- 
sated for by the author's willingness to furnish such 
information to research workers who desire more 
precise information on the titles used when specifi- 
cally requested by letter. The record of the sym- 
posium proceedings should serve a useful purpose in 
clarifying many problems and characteristics of 
various strains of rats which have heretofore not 
been well known. 


Dictionary of Organic Compounds—The Constitution 
and Physical and Chemical Properties of the 
Principal Carbon Compounds and their Deriva- 
tives, together with the Relevant Literature Refer- 
ences. (In four volumes.) 2nd ed. Sir IAN 
Hersron and H. M. Bunsvury, Editors-in- 
Chief. Oxford University Press, New York, 1953. 
Vol. I: Abadole—Cyrosine, 654 pp. Vol. II: 
D. A.-Hystazarin, 845 pp. Vol. III: Ibogaine- 
NW-Acid, 838 pp. Vol. IV: Obaculactone- 
Zymosterol, 694 pp. 21.5 x 27 cm. Price $78 the 
set. 

This Dictionary of Organic Compounds, the first 
edition of which was published between 1934 and 
1937, in three volumes, is familiar to many organic 
chemists in the United States. A new revised edi- 
tion appeared in 1943 and 1944, and the present 
new, revised edition in four volumes was completed 
in July, 1953. In general, the design of the new 
edition follows that of its predecessors. All of the 
organic compounds listed are arranged in strictly 
alphabetical order. Thus any required data may 
be located readily without the necessity of consult- 
ing a supplementary index. In order to use the 
Dictionary with facility, however, it is necessary 
first to study the arrangement of the text which is 
clearly explained in the introduction. This is true 
because so many compounds may be designated in 
a variety ways by either trivial or strictly sys- 
tematic chemical names. The ease of locating 
required information is enhanced by the generous 
use of cross references, sometimes as many as three 
or four. In each short monograph the full struc- 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XLIII, No. 5 


tural formula is given for the compound listed. 
Functional derivatives are usually given under the 
parent compound unless they are sufficiently im- 
portant to justify separate inclusion as main refer- 
ences. In each monograph literature references 
citing the best method of preparation are included. 

The order in which data are presented is, in gen- 
eral, the same in all entries. These data include 
sources, where of interest; physical properties (melt- 
ing point, boiling point, solubility, density, refrac- 
tive index, heat of combustion, optical rotation, 
etc.) and chemical properties. Among the chemical 
properties the most important include typical 
reactions and analytical tests. It must be realized, 
of course, that in many instances only a limited 
number of chemical and physical properties have 
been recorded in the chemical literature and are 
unavailable for listing in the Dictionary. 

During the course of the revision leading to the 
publication of the latest edition, each of the previous 
15,000 entries was carefully scrutinized and brought 
up to date. This resulted in the addition of more 
than 2,500 new principal entries. Many of the 
changes incorporated include results of research even 
up to and including the early part of 1953. In the 
new edition, the type area has been appreciably 
increased without detracting from the ease of han- 
dling. 

By the judicious use of the Dictionary, the time 
required in literature searches may be reduced con- 
siderably, and it is predicted that the new edition 
will enjoy an even more popular reception than did 
its predecessors. 


Sergei N. Winogradsky, His Life and Work—The 


Story of a Great Bacteriologist. By SetmMan A. 
WAKSMAN. Rutgers University Press, New 
Brunswick, N. J., 19538. 150 pp. 14.5 x 22 cm. 
Price $4. 

This is a biography of the Russian bacteriologist 
whose works are particularly associated with studies 
on the autotrophic bacteria, or those organisms 
which obtain their energy by oxidation of inorganic 
elements and compounds. He also contributed to 
the knowledge of nonsymbiotic nitrogen-fixing bac- 
teria, bacterial oxidation of sulfur, bacteriology of 
cellulose decomposition, and methods of soil micro- 
biology. References to his 60 published papers are 
appended. 


Glutathione—Significant References from the Pages of 
Biological Abstracts. Compiled by F. A. Vetvay. 
Biological Abstracts, Inc., Philadelphia, Pa., 
January, 1954. 19 pp. 21.5x28cem., Price $0.75. 
This is the first effort at compiling special bibliog- 

raphy, undertaken by Biological Abstracts and a 
highly successful one. The topic is timely, the 
subject arrangement has been done expertly, and 
the format is perfect. A short historical introduc- 
tion enhances the value of the list. It is to be 
hoped that future compilations will maintain the 
high standards set by the first one. 


HOTEL RESERVATION FORM 
1954 Convention 


AMERICAN PHARMACEUTICAL ASSOCIATION 
August 23-27, 1954 Boston, Massachusetts 


NO RESERVATIONS WILL BE ACCEPTED DIRECTLY BY HOTELS. Use the following form in making 
all reservations. 


A. PH. A. HOUSING COMMITTEE 
Boston Convention and Visitors Bureau 
80 Federal Street 

Boston 10, Massachusetts 


Please make hotel reservation(s) as shown below: 
..-Second Choice 
Third Choice 
Number of room(s) with bath........Double room(s)................Rate preferred $...... 
mand ...Twin Bedded room(s) Rate preferred $...... 
preferred $...... 
A “double” room contains only one bed for occupancy by two persons. 


THE NAME OF EACH HOTEL GUEST MUST BE LISTED 


rhmened print the names of both persons for each double room or twin bedded rooms requested. Also names of all 
persons for whom you are requesting reservations and who will occupy the rooms asked for. OTHERWISE THE 
APPLICAT ION WILL BE RETURNED. 


APPLICANT 


HOTEL RATES IN BOSTON 


HOTEL i Doubles 
Statler Hotel (Ifeadquarters) 10.00-14.00 
Bellevue Hotel 5 - 7.8 7.50-10.00 9! 
Bradford Hotel............ 05- 6.75 5- 9.59 9! q 14.00-18.00 
Kenmore Hotel........ 5.50- 9. 9. 2.50 9.50-15 14.00-20.00 
Manger Hotel 5.00- 0.50 
The Parker House ~ : 5 9.50- - .00- ~ 00 
Sheraton Plaza Hotel. 5.8: 00 u 
Somerset Hotel... .. 10.00- ve 00 00- 40 00 
Touraine Hotel.......... ans 5.50- 8.00 8.00-10.00 2. 
Vendome Hotel... 7 00-10.00 .00- 


MAIL REQUEST FOR ROOM RESERVATIONS TO: 
A. PH. A. HOUSING BUREAU 


Boston Convention and Visitors Bureau 
80 Federal Street, Boston 10, Massachusetts 


A Versatile Physical Conditioner For All Your Pharmaceuticals 


VEEGUM enhances the physical qualities of your tab- 
lets, powders, pastes and liquids. Inorganic ,non-toxic, 


pending and emulsifying agent. Highest 
uniformity is assured by the rigid control 
Vanderbilt Company laboratories. 


IN YOUR OWN LABORATORY, you will find VEEGUM 
the most efficient agent for: 


BINDING AND DISINTEGRATING TABLETS: 


An aqueous dispersion of VEEGUM, De mall in at 
the granulating stage, will bind most tablets without 
extra operations. Its disintegrating action requires 


ntegraters. 


0 Please send VEEGUM Bulletin B53. 
0 Please send information on using VEEGUM for: 


LUBRICATING MEDICINAL POWDERS: Add the VEE- 
GUM as a dry powder; very little is needed. 


SUSPENDING HYDROPHOBIC SOLIDS: VEEGUM sus- 
pends at lower viscosity than organic gums. 
otropic characteristics give added suspending ability. 


EMULSIFYING LOTIONS and OINTMENTS: Dispersions 
of VEEGUM are effective emulsifiers with or without 
heat. Small amounts of VEEGUM< stabilize many 
types of emulsions over a wide range of pH. 


MAINTAINING PRODUCT CONSISTENCY: vEEGUM 


has the unique property of thickening with heat to 
maintain product consistency at higher than normal 
temperatures. 


T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 


NEW YORK 17, N. Y. 
0 Please send sample of VEEGUM. 


(state application ) 


(Please attach to or write on your company letterhead ) 


non-irritating, VEEGUM is a completely an sus- 
quality and 
230 PARK AVENUE 
NAME 
a 


